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PREFACE  TO  VOL.  11. 


Tut  Second  Volume  of  the  New  Series  has  now  been  completed : 
l<>rming  the  'Ninth  Volame  of  ''Professional  Papers  on  Indian 
Engineering"   £dited  at  this  College. 

OC  the  thirty -five  papers  published  in  this  Volume,  eighteen 
relite  to  Canals,  Water-Supply,  or  works  connected  with  Irri- 
gttion;  three  are  descriptive  of  Public  Buildings:  four  deal  with 
ippUances  for,  or  details  of  Building  Construction :  four  disease 
Murtars  and  Cements  :  three  contain  investigations  of  Stresses 
in  Structures  :  while  Tramways,  Hates  of  Work,  and  Railway 
Time  Tables  have  each  an  Article  devoted  to  them.  Thus  it 
will  be  seen  that  this  publication  embraces  among  its  contribu* 
ion  more  writers  on  Hydraulic  Engineering  than  on  any  other 
kandi  of  the  Profession  in  this  country. 

As  it  is  desirable  that  these  papers  should  present  to  Indian 
Engineers  descriptions  and  drawings  of  the  latest  works  in  all 
departments  of  Engineering  in  the  country,  and  the  results  of 
experience,  investigation,  calculation  or  discussion  in  the  many 
interesting,  and  often  difficult,  problems  connected  with  every 
branch  of  Engineering  practice  in  the  country,  I  would  continue 
to  orge  on  all  who  take  an  interest  in  such  questions  the  claims 
of  this  publication  to  their  support.  If  well  supported  both  by 
Subscribers    and   by  Contributors  of  articles   from   every  branch 
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of  the  Profession  in  the  Country^  these  papers  cannot  fail  to 
furnish  a  nlost  useful  medium  of  discussion  on  important  En- 
gineering problems^  and  of  disseminating  a  knowledge  of  ail 
recent  practice:  and  on  these  grounds  they  would  seem  natur- 
ally to  claim  willing  support  from  every  Engineer  in  this  coun« 
try^  both  in  his  own  interests^  and  in  those  of  his  fellow  workers. 

In  this  present  Volume  the  Articles  by  Major  Hector  Tulloch^ 
form  a  most  complete  and  exhaustive  essay  (well  worthy  of 
careful  study)  on  the  History  of  the  Water-Supply  of  Bombay^ 
and  on  the  several  possible  modes  of  improving  this  supply^  to- 
gether with  collateral  discussions  of  questions  intimately  con- 
nected with  the  general  subject  of  Water-Supply.  Capt.  Cun- 
ningham's Article  on  the  *'  Stability  and  Strength  of  Masonry 
Well  Foundations  in  Quicksand/'  is  a  most  valuable  contribution 
to  the  Mathematics  of  Engineerings  and  involves  investigations 
in  a  problem  hitherto  almost  untried:  in  this  Article  the  whole 
subject  in  all  its  bearings  has  been  for  the  first  time  (I  believe) 
thoroughly  and  scientifically  discussed^  and  results  have  been 
given  in  a  form  suitable  for  the  calculations  of  the  practical 
Engineer. 

A  third  Volume  will  be  commenced  in  January^  to  consist  of 
four  quarterly  numbers  issued  in  January^  Aprils  July  and  Oc- 
tober, 1874:  the  cost  being  Bs.  14  for  Subscribers  in  advance: 
but  Bs.  4  per  quarterly  number  for  those  paying  in  arrears : 
and  for  purchasers  of  single  numbers. 

A.  M,  L. 
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OFFICES  OF  THE  MYSORE  GOVERNMENT  AT 
BANGALORE. 

[  Vide  Photognph  and  Plate  L] 


By  Lieut.-Col.  E.  H.  Sankbt,  R.E.,  die/  Engineer,  lUyiore. 


For  some  37  years  prior  to  the  constmction  of  the  new  range  of  bnild- 
ings — the  cast  front  view  of  which  forms  the  frontispiece  of  the  present 
number — the  Chief  Officers  of  the  Mysore  Administration  were  located  in 
the  Fort  of  Bangalore,  and  in  hired  honses  at  yarions  parts  of  the  station. 

Sir  Mark  Cabbon  had  continued  till  his  retirement  in  1861,  to  hold  his 
office  in  the  ancient  palace  of  Hyder  Ali  in  the  Fort,  and  notwithstand- 
ing the  native  inscription  on  this  building  declaring  it  to  be  the  "  admir- 
ation of  the  heavens,"  nothing  probably  showed  more  conclusively  the 
stem  economy  of  the  old  Commissioner's  administration  of  the  finances  of 
the  Province,  than  the  fact  of  his  consenting  year  after  year  to  transact 
business  in  this  singular  old  structure.  The  main  block  consisted  of  a 
long,  low,  ill-ventilated,  ill-flavoured,  ill-divided  and  rickety  double  storey- 
ed  building,  which  was  at  once  the  torment  of  all  who  had  to  use  it,  and 
ihe  despair  of  the  Officers  who  were  charged  with  the  duty  of  preventing 
it  from  falling  down.  All  this  portion  has  now  been  cleared  away.  An 
adjoining  block  which  housed  the  Treasury,  Military  Assistant's  Office,  &c., 
still  stands,  and  as  the  architectural  features  are  picturesque,  pleasure  seek- 
ers have  found  means  in  the  happy  application  of  white-wash,  &c.,  to 
adapt  it  for  an  occasional  dance,  perfectly  regardless  of  the  all  pervading 
dry  rot 

The  extreme  inconveniences  of  the  main  building,  the  fears  of  sudden 
collapse,  distance  from  the  station,  and  the  nuisance  of  scattered  offices 
led  at  length  in  1857,  to  the  submission  of  a  project  embracing  all  head 
quarter  offices  nnder  one  roof;  but  the  mutinies  interfering,  it  was  not 
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till  1860  that  the  first  design  went  np  to  the  Government  of  India.  This, 
however,  was  rejected,  and  after  much  discussion,  a  revised  design  by  the 
writer  of  the  present  notice  was  accepted,  and  carried  into  execution. 

No  small  difficulties  presented  themselves  in  the  selection  of  a  suitable 
site,  partly  from  objections  to  placing  the  building  on  any  of  the  military 
parade  grounds,  which  occupy  the  only  approximately  level  portions  of 
Bangalore,  and  partly  from  the  high  compensation  demanded  by  private 
owners  for  other  eligible  positions.  At  length,  however,  a  site  was  fixed 
on,  which  had  originally  been  specially  named  by  Sir  Mark  Cubbon  (whose 
bronze  statue  by  Marochetti,  now  appropriately  stands  in  front  of  the 
building).  It  lies  immediately  beyond  the  western  extremity  of  the 
general  parade  ground,  and  so  far  as  mere  position  goes,  is  as  centrical, 
with  reference  to  the  populations  of  the  Pettah  on  one  side,  and  the  Can- 
tonment Bazaar  and  Military  station  on  the  other,  as  could  be  desired ; 
but  it  fails  in  some  minor  points. 

From  the  peculiar  conformation  of  the  ground,  the  building  is  neither 
sufficiently  elevated,  nor  is  it  placed  as  squarely  as  could  be  desired  to 
the  parade  ground  which  it  fronts.  Furthermore  the  ground  sloped 
away  so  rapidly,  as  to  necessitate  the  adoption  of  a  plan  of  building 
unduly  long  with  reference  to  its  breadth ;  and  again  the  whole  surface  of 
the  ground  was  so  cut  into  by  deep  nullahs,  (one  of  which  was  90  feet 
wide  and  30  feet  deep,  while  another  had  been  employed  always  for 
escaladmg  drill,)  and  encumbered  by  rocks,  gravel  pits,  &c.,  that  at  first 
it  seemed  hopeless  to  do  more  than  provide  standing  ground  for  the 
work. 

By  much  patient  labor,  most  of  the  eye-sores  which  at  first  were  so 
conspicuous,  have  now  disappeared ;  and  as  year  by  year  the  trees  of  the 
"  Cubbon  "  Park  round  the  Offices  increase  in  number  and  size,  mat- 
ters will  improve,  though  necessarily  the  original  defects,  due  to  the 
difficulties  of  the  position,  as  above  explained,  must  remain,  although 
they  may  not  be  so  observable. 

The  general  appearance  of  the  buildings  as  seen  from  the  parade  or 
east  side,  is  shown  by  the  frontispiece.  There  being  no  projecting  blocks 
on  the  west  face,  the  outline  is  more  in  repose  as  viewed  from  that  side. 

The  following  are  some  particulars  regarding  amount  of  accommoda- 
tion, cost,  and  constructive  features  of  the  work,  which  having  been 
commenced  in  October  1864,  was  finished  and  occupied  by  April  1868. 


fLAT 


«ft^:^ 


OFTIOKS  OF  THS  MT80BB  OOYKRHXINT  AT  BAKOALOBK. 


8 


The  offices  accommodated  at  present  are — 

1.  Chief  Commissioner'By  General  Secretary,  <&c« 

2.  Jndicial  Commissioner  and  Court 

3.  Chief  Engineer  and  Secretary,  P.  W.  Department,  Superin- 

tending Engineer  for  Irrigation,  Controller,  &c. 

4.  Director  of  Public  Instruction. 

5.  Conservator  of  Forests. 

6.  Deputy  Accountant  General  and  Gorerament  Treasury. 

7.  Superintendent  of  Government  Press. 

8.  Small  Cause  Court. 

It  having  been  found  inconvenient  to  continue  the  arrangements  made 
for  the  Government  Press,  a  new  printing  office  has  been  under  construc- 
tion, and  is  now  nearly  ready  for  its  reception,  and  the  space  thus  set  free 
will  be  devoted  to  other  Departments  connected  with  the  central  adminis- 
trition,  viz.,  the  Inam  Superintendent,  the  Military  Assistant  to  the  Chief 
Commissioner,  and  the  "  Anchay"  or  Mysore  Post. 

The  general  dimensions  of  the  building  are — Total  length.  North  to 
South,  636^  feet,  subdivided  thus— 


Length. 

Bresfdib. 

Heij 

ft 
197 

in. 

7 

ft. 
74 

in. 
104 

ft 
53 

156 

6 

55 

11 

48 

224 

101 

67 

101 

44 

Centnl  block, 
Wmgs  (each), 


Bod^  (two  connecting  lengths  between 
wings  and  centre  block,  each). 


in. 
2i 


The  spaces  provided  are- 


Oocupied 
qpaoee  (floors 

of  rooms), 
■qoarefeet. 


Unoccnptod 
^verandahs, 
stair-cases 
walls,  &c.), 
square  feet. 


Total  ooea- 
pied  and  on- 

occnpied, 
square  feet 


Ground  floor, 
Knt       „ 
Second    ^ 


(in  centre  block  only), 
Total, 


24,910 

84,606 

5,581 

85,105 

25,409 

719 

65,097 

61,238 

60,016 

60,015 

6,800 

126,880 
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The  anoccupied  spaces,  it  will  thas  be  observed,  very  nearly  balance 
tjiose  actually  utilized  in  the  shape  of  rooms  and  courts.  This  large  pro- 
portion is  mainly  owing  to  the  fact  that  the  main  walls  of  the  building 
on  all  sides  are  shaded  everywhere  from  the  direct  rays  of  the  sun  by 
verandahs  or  porticoes.  The  ample  provision  also  made  for  staircases  and 
intercommunication  between  the  several  offices — all  of  which,  moreover, 
have  their  separate  and  distinct  entrances— contributes  to  this  result. 

Here  also  it  may  be  observed  that  from  the  presence  everywhere  of 
Terandahs,  and  the  peculiar  construction  of  door  adopted,  (lower  portion 
being  panel,  next  Venetian,  upper  part  glazed,  and  above  all  a  fan-light 
ventilator,)  hardly  a  ray  of  direct  sun-light  finds  its  way  into  the  building, 
while  at  the  same  time  there  is  abundant  light  and  ventilation. 

The  total  cost  of  the  building,  exclusive  of  compensation  for  site,  and  of 
levelling,  <&c.  (which  was  heavy),  was  Rs.  8,68,981,  which  taking  the  area 
occupied  on  the  outside  lines  (60,015  square  feet)  gives  the  rate  over  all 
of  Hs.  6-2-4  per  square  foot  of  ground  plan. 

The  foundations  are  everywhere  sunk  to  gravel,  which,  as  a  rule,  under- 
lies everywhere  the  red  surface  soil  of  much  of  the  Province. 

r   Wings,        4  feet  deep. 

Foundations  of   <    Central  block,         4^      „ 

I   Body,  4         „ 

and  both  the  foundations  themselves,  as  also  the  walls  in  superstructure  of 
the  basement  and  first  floor,  are  througtiout  built  of  what  is  locally  termed 
*^  burnt  stone, "  (t.  e.,  gneiss  which  has  been  split  in  laminae  by  fire  from 
the  parent  rock — altogether  an  unexceptionably  fine  material)  in  chunam. 
In  places  where  old  nullahs  crossed  the  site,  tlie  foundations  go  down  to 
14  feet,  and  large  slabs  of  stone  6  to  9  feet  long,  are  placed  for  distribut- 
ing the  pressure. 

The  walls  above  the  first  floor  are  of  brick  in  chunam.  Throughout  the 
whole  of  the  ground  floor  '^  burnt  stone  "  slabs  4  inches  in  thickness,  have 
been  employed  for  flooring  both  verandahs  and  rooms,  while  on  the  first 
story,  teak-wood  planked  floors  (calculated  to  bear  60  &s.  on  the  square 
foot)  are  employed.  The  verandahs  here  are  simple  terracing  with  a  mat- 
ting  made  from  the  outer  rind  of  the  bamboo,  which  with  a  little  attention 
is  found  to  answer  very  fairly. 

The  roofing  throughout  consists  of  the  ordinary  description  of  terracing 
employed  in  Soathem  India  (one  ooarse  of  terrace  bricks-on-edge,  three 
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bdies  of  concrete,  t^iro  courses  of  flat  tiles  and  plaster — weight  68  &s.  per 

fiqotie  foot),  mud    the    scantlings  everywhere  employed  are  taken  from 

thetibleft  calculated  by  the  writer,  and  published  in  Vol  I.  of  the  **  Profes- 

Bo&il  Papers  on    Indiaxi    EIngineering '*  [First  Series].     The  pent- roofs 

of  lings  and  central  block,  though  likewise  consisting  of  terrace,  have 

their  upper  surfaces  modelled  in  imitation  of  Grecian  tiles,  and  along  both 

iidg«s,  eaves,  &c.y  specially  moulded  ornamental  tiles  of  correct  form  hare 

been  employed. 

The  contractors  wbo  carried  out  the  building  with  scrupulous  honesty 
from  first  to  last — Messrs.  Wallace,  Bumselal  Abeerchund,  and  Narrain* 
8Wimy  Moodlear-^-ahowed  much  resource  in  all  their  arrangements,  and 
cspecislly  in  the  ornamental  portions,  moulding  and  burning  the  lonio 
Toloies  of  both  large  and  small  capitals  throughout,  in  correct  form.  They 
Hkewise  made  their  own  arrangements  at  Moulmein,  and  shipped  the  whole 
of  the  teak  employed  in  the  work,  all  of  first  quality.  Mr.  Wallace, 
who  WIS  the  working  partner,  deserved  much  credit  for  the  intelligent  and 
painstaking  supervision  he  devoted  to  the  work  throughout  the  whole 
time  it  was  in  band. 

Among  other  constructive  features  of  the  building  may  be  mentioned 
the  disposal  of  the  roof  drainage.  This  is  taken  down  in  copper  pipes 
(spaced  25  feet  apart  generally,  with  good  sinks  above,  and  five  inches 
in  diameter  through  the  main  walls. 

By  coonter  sloping  the  verandah  roofs  everywhere,  and  by  making  the 
ends  of  the  pipes  debouch  into  culverts  which  encircle  the  building,  (from 
four  to  five  feet  below  the  surface),  the  whole  drainage  is  thus  taken  off 
without  running  over  and  disfiguring  the  outer  walls,  and  is  in  fact, 
transferred  to  points  distant  from  the  building. 

As  this  system  of  disposing  of  roof  drainage  has  frequently  led  else- 
where to  trouble  from  the  difficulties  of  adjusting  the  pipes  properly  in 
OiMirse  of  ccmstmction,  it  may  be  as  well  to  mention  that  great  care  was 
bestowed  on  this  portion  of  the  work  from  the  first.  The  copper  pipes  in 
lengths  of  four  feet,  were  carried  up  "part  passu''  with  the  walls,  and 
always  in  advance.  The  longitudinal  seam  was  knuckle-jointed  and 
rivetted,  while  the  junction  of  each  length  of  pipe  was  simply,  butt  jointed, 
ooUared  and  white  leaded. 

In  course  of  construction,  interference  on  the  part  of  the  work-people 
had  to  be  continually  guarded  against,  they  on  some  occasions  having 
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been  foand  wantonly  to  injure  or  interfere  with  the  pipes :  once  or 
twice  they  managed  to  throw  down  a  large  quantity  of  mortar  and 
gravel  when  the  walls  were  well  up,  thus  giving  most  serious  trouble. 
Considering  all  attendant  difficulties,  the  results  have,  however,  been  very 
satisfactory. 

From  first  to  last,  about  20  joints  have  shown  weakness,  but  these 
being  readily  cut  down  into  from  the  outer  faces  of  the  walls,  all  further 
leakage  has  been  stopped  by  making  a  small  basin  round  the  outside  of 
the  joint,  and  pouring  in  specially  prepared  plaster  of  paris.  There  can 
be  little  doubt  that  instead  of  being  '<  butt,'*  the  pipes  should  have  been 
spigot  and  faucet-jointed,  which  with  plaster  of  paris  or  cement  outside 
each  joint,  would  have  saved  all  future  trouble.  As  it  is,  however,  the  evil 
is  quite  a  minor  one  and  readily  corrected. 

The  building  has  now  settled  most  regularly  throughout,  showing  only 
very  slight  inequalities  of  settlement  in  three  places,  and  these  quite  un- 
important. The  roof  on  the  whole  has  behaved  very  well.  Along  the 
**  valley"  over  the  main  walls  which  carries  the  drainage,  a  slight  yield 
and  "  kick  "  of  joists  has  produced  a  thin  longitudinal  crack  which  give 
rise  to  a  little  "weeping"  after  heavy  rain ;  but  the  cure  for  this  is  readily 
applied  in  the  shape  of  a  small  parapet  wall  along  the  valley  weighting 
and  thus  preventing  any  further  rise  in  the  ends  of  the  joists.  Now  that 
the  building  has  fairly  settled,  this  remedy  can  be  efiFectually  appHed.  It 
would  no  doubt  have  been  better  had  the  small  weighting  parapet  been 
built  during  first  construction. 

The  heavy  and  massive  cornices  of  the  central  block  have  also  produced 
a  longitudinal  crack,  and  some  leakage.  The  remedy  for  this,  however, 
will  be  simple,  and  it  is  hoped  effective. 

Altogether  few  roofs  have  probably  given  less  trouble,  and  the  little 
leakage  that  exists  is  susceptible  of  easy  correction. 

It  was  at  first  proposed  to  face  the  building  with  stone,  but  the  im> 
possibility  of  doing  this  was  soon  demonstrated  by  the  prohibitory  cost 
of  cutting  the  requisite  mouldings  in  the  hard  ''  gneiss  "  of  this  part  of 
India:  plaster  surfaces  and  mouldings  had  therefore  to  be  resorted  to. 
The  system  of  interior  drainage  having  preserved  the  surfaces  from  all 
run  of  water,  it  became  of  importance  to  apply  a  description  of  coloring 
which  should  not  in  process  of  time  need  renewal,  and  this  was  effected  by 
grinding  up  one  measure  of  fresh  burnt  lime  with  two  measures  of  clean 
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nrer  Bind,  and  «8  nffident  qainiitj  of  the  light  red  ochre  procnrable  in 
ercrybizir.  Tbe  resultiDg  wash  hiiTing  a  pleasing  creamy  color,  and 
Iteing  sppUed  in  tlie  nsmd  way,  was  foond  not  to  rub  off  after  a  months 
nd  the  whole  Burfaces  are  now  weathering  ont  satisfactorily.  No  outer 
ie-€o\oring  shoxild  ever  be  required.  The  cost  of  this  wash  is  about  6 
aimiB  per  100  Bqo&re  feet. 

The  following  are  some  of  tbe  main  items  of  the  work,  with  rates,  as 
aeUially  executed  under  contract : — 


DeKripfeioo. 


Quantity. 


Ratk. 


R8.     A.     P. 


Cost. 


Euth  escftTmticy%  eabie  yaMs^ 

T,12t> 

0 

1 

s 

T51 

C 

1 

jf        fillings                  „            jf                 ,  t            • ' 

3,4G2 

0 

2 

8 

677 

6 

0 

StDDc  ID  dmnam  C^p  to   20  feet  aboTel 
IbfomtiQii  IcTCl),  100  cubic  feet,             / 

t^,338 

13 

14 

3 

39,3o2 

S 

0 

Briek  m  chimam  (from  20  to  55  ftmt^  above  { 
fomutioii  levd),  100  cubie  feet,             J 

2,99,187 

19 

7 

3 

58,175 

4 

0 

di,§i3 

S6 

0 

0| 

8^53 

0 

0 

Gnmid  floone^  (yfith  pidsa  slabs  8t<L%\ 
100  tqmat^  f aet,                          . .         J 

40,954 

IT 

a 

0 

7,186 

U 

3 

Upper  Tenndah  terracing. 

19,130 

24 

0 

0 

4^91 

3 

2 

Bbol  vemtiBg,  aqaure  £e«t,            *  • 

37,629 

30 

0 

0 

ii^sa 

11 

2 

,  fnimitaticfflof  Gt«duitik»,iq.  fL,    .. 

21,7S6 

4d 

0 

0 

9,803 

11 

3 

TtMk  wood  planked  floor, 

37^17 

BO 

0 

0 

1@,7£S 

8 

3 

Wood-work   in  bearoA,  and   joisti  (ie^  1 
wma|:ht  and  pal  ap)»  cubic  fe«e«             } 

27,74& 

8 

8 

0 

97,107 

a 

0 

R.  H.  S. 


IE 


No.  LXIV. 
GRAPHIC  TIME  TABLE. 

[FiV/e  Platan.] 


By  Horace  Bell,  Exec.  Engineer,  Holhar  {State)  Railway. 


The  deamess  and  snccintness  of  the  graphic  method  has  recommended 
it  for  adoption  in  lien  of  figure  tables  in  many  kinds  of  basiness ;  bat 
it  is,  somewhat  strangely,  little  used,  as  far  as  I  am  aware,  in  railway 
work.  For  the  purposes  of  a  Railway  time-table  it  appears  to  be  admirably 
suited,  as  will  be  seen  by  reference  to  the  accompanying  Plate.  The  En- 
gineer and  his  men  can  see  at  a  glance  when  they  have  time  to  stew  a 
road,  take  out  rails,  or  lorry,  from  place  to  place.  Drivers  and  guards  see 
clearly  their  time  and  position  in  cases  of  break  down,  and  the  traffic 
department  would  find  it  particularly  useful  in  seeing  when  to  put  in, 
or  cut  out,  trains ;  a  point  which  might  save  much  time,  and  confusion  in 
running  specials,  or  troop  and  supply  trains,  in  emergencies  or  time  of 
war.  I  first  saw  a  graphic  table  when  passing  through  Bavaria  during 
the  war  of  1870,  when  as  may  be  supposed  a  large  proportion  of  the 
trains  were  "  Militarerganzungsziige, "  (Military  supplies.)  The  tables 
were  lithographed  and  printed  either  on  paper,  or  for  out- door  use,  on 
strong  slightly  glazed  cloth.  These  latter  were,  I  judged  from  those  I 
saw,  occasionally  used  for  less  technical  purposes.  It  will  be  noted  that 
on  single  lines  the  trains  cross  of  course  only  at  stations — on  double  lines, 
anywhere.  Also,  that  the  quicker  a  train,  the  less  the  angle  made  with 
the  perpendicular. 

H.  B. 


PLATE  II 
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No.  LXV. 
MARGOHI  CEMENT. 


Bi  P.  Dejoux^  Bsq.>  Exee.  Engineer,  Cement  ExperimenU  DivUian. 


GeHBBAL    BEMA&KS   on   GhOOTIHO   LlMK8TOirX8. 

Thk  nodular  limestone,  called  Ghooting  or  hinhur  in  India,  generally 
is  by  its  chemical  properties  the  combination  of  a  hydraulic  stone  and  a 
cement  stone,  rather  a  little  too  rich  in  clay,  so  that  when  the  stones  are 
not  too  hard  to  break,  pnlverizing  and  mixing  them  with  sufficient  water 
to  form  a  rather  hard  paste,  and  then  making  small  bricks  or  balls  and 
burning  them  sufficiently,  will  enable  the  manufacture  in  some  cases  oft 
Portland  or  slow-setting  cement,  and  in  other  cases  a  kind  of  Roman 
cement  or  quick-settmg  cement.  When  the  ghootmg  is  burnt,  as  is 
generally  done  in  Bengal,  the  part  which  is  slaked  when  taken  out  from 
the  kiln  is  the  part  containing  the  quantity  of  clay  necessary  to  make 
good  hydraulic  lime;  large  portions  of  the  parts  which  are  not  slaked  are 
those  containing  more  clay  and  are  cement  stones ;  but  as  generally  they 
contain  too  large  proportions  of  clay,  it  will  not  do  to  bum  those  portions 
again,  but,  on  the  contrary,  it  will  be  better  to  bum  the  whole  until  they 
cannot  be  slaked. 

The  following  detaik  will  serre  to  explain  my  reasons  for  adopting  this 
opinion. 

L — When  I  haye  to  conduct  the  analysis  of  a  stone  of  the  same  kind 
as  a  ghooting-stone,  I  select  from  a  cubic  foot  of  stone  a  dozen  pieces  of 
different  shapes,  dzes,  and  appearances ;  I  pulverize  them  roughly,  and 
mix  as  much  as  possible  the  powder  so  obtained. 
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I  take  afterwards  a  small  quantity  of  it,  and  redace  it  by  means  of  an 
agate  mortar  into  an  impalpable  powder,  of  which,  when  dried,  I  take  a 
quantity  weighing  150  grains,  and  it  is  on  this  last  quantity  that  the 
analysis  is  conducted. 

11. — Proceeding  in  this  way,  I  found  that  in  the  Bengal  ghooting-stone 
the  proportion  of  clay  various  from  10*50  to  83-33  per  cent.,  the  average, 
however,  being  25  per  cent. 

Now,  if  we  look  to  the  analysis  of  the  lime  believed  to  be  the  most 
hydraulic  of  all  the  limes  known,  viz.,  the  lime  of  Theil,  (France,)  we 
find  that  the  limestone  from  which  that  lime  is  obtained  contains  only 
14*90  per  cent,  of  clay,  and  we  may  further  say  that  few  hydraulic  lime- 
stones at  home  contain  more  than  15  per  cent.,  and  none  more  than  20 
per  cent,  of  clay. 

III. — The  analysis  of  the  ghooting  stones  giving  an  average  propor- 
tion of  25  per  cent.,  they  could  naturally  be  taken  for  cement  stones,  but 
experience  proves  them  to  be  only  argillaceous  limestones. 

Therefore  we  can  only  say  that,  if  the  ghooting- stones  were  more  homo- 
geneous, they  could  have  been  classified  in  the  category  of  natural  cement 
stones. 

To  prove  this  opinion,  I  may  say  that,  if  we  separate  some  nodules 
from  a  piece  of  ghooting  taken  in  its  natural  state,  it  will  be  found  that 
they  generally  differ  in  texture  and  appearance,  and  that  analysis  shows 
that  while  some  contain  as  much  as  50  and  55  per  cent,  of  clay,  others 
are  very  nearly  pure  carbonate  of  lime. 

From  the  experiments  I  have  made,  I  feel  authorized  to  say  that  as 
regards  the  generality  of  ghooting-stones,  those  which  contain  from  20 
to  25  per  cent,  of  clay  are  very  hydraulic  limestones,  while  those  con- 
taining only  from  10  to  14  per  cent,  are  feebly  hydraulic. 

As  regards  those  in  which  the  proportions  of  clay  exceed  25  per  cent., 
they  produce  only  a  small  quantity  of  lime,  and  the  percentage  of  portions 
which  cannot  be  slaked  increases  proportionately  with  the  quantity  of  clay. 

I  have  been  able  to  verify  the  truth  of  these  last  remarks  in  many 
places  in  Lower  Bengal,  where  large  quantities  of  ghooting  lime  are 
manufactured. 

I  may,  however,  state  that  some  ghooting-stones  or  kunkur  may  be 
found  sufficiently  homogeneous  to  follow  the  ordinary  rules  of  hydraulic 
limestones,  bat  such  may  very  seldom  be  the  case. 
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IV.— When  Bnch  a  stone  as  ghooting  has  been  well  burnt,  all  the  pit>- 
poftioiis  contaming  less  thsn  20  per  cent,  of  clay  slake  when  immersed 
in  ntei,  bat  the  portions  containing  an  excess  of  claj,  called  generally 
"refuse  g^ootmg^^  in  Sen^l,  remain  inert. 
Y.~^ow,  enppoBin^  that,  after  having  bnmt  ghooiang-stone  containing 
tt  iTerage  of  20  per  cent,  clay,  the  half  only  of  the  total  quantity  (which 
fe  viU  suppose  to  be  100  cubic  feet)  slakes  and  yields  an  ordinary  hy- 
draulic lime ;  it  most  be  taken  as  a  datum  that  this  lime  proceeded  from  a 
fimestone  containing  about  10  per  cent,  of  clay. 

Consequently  the  50  cabic  feet  of  refuse  ghooting,  which  did  not  slake, 
miut  be  conBidered  as  an  argillaceous  limestone,  containing  about  30  per 
cent  of  clay  ;  bearing  in  mind  that  the  proportion  of  clay  in  the  total 
qiiintity  of  100  cubic  feet  of  ghooting  was  20  per  cent. 

Therefore  1  draw  the  conclusion  that  this  ghooting  must  be  considered 
as  the  agglomeration  of  two  different  stones,  t.  e.y  while  one  yields  10  per 
cent,  of  clay,  and  produces  an  ordinary  hydraulic  lime,  the  other  contains 
30  per  cent.,  and  may  be  transformable  into  cement. 

VL — Again,  supposing  that  the  100  cubic  feet  of  ghooting  contains 
SO  per  cent,  of  clay,  and  that  we  obtain  (after  slaking)  a  lime  very  hydraul- 
ic, and  50  cubic  feet  of  refuse  ghooting,  this  lime,  according  to  its  degree 
of  hydranlicity,  must  be  considered  as  proceeding  from  a  limestone* yield- 
ing about  15  per  cent,  of  clay. 

It  follows  that  the  refuse  ghooting  must  be  considered  as  an  argilla- 
eeous  stone,  yielding  about  45  per  cent,  of  clay,  and  consequently  quite 
useless  for  the  manufacture  of  either  lime  or  cement. 

VII. — Under  such  circumstances,  therefore,  we  have  to  consider  the 
two  following  alternatives,  if  it  be  intended  to  use  ghooting  for  making 
cements. 

In  the  first  case,  if  the  proportion  of  clay  in  the  refuse  ghooting  be  the 
proportion  generally  found  in  cement  stones,  we  have  only  to  begin  by 
burning  the  ghooting  in  the  usual  way,  then  to  let  it  slake,  separate  from 
the  refuse  ghooting  the  lime  obtained,  and  to  re-bum  the  refuse  more  or 
less  according  to  requirement  for  either  slow  or  quick- setting  cement. 

In  the  second  case,  which  is  the  most  general,  and  where  the  propor- 
tion of  clay  exceeds  the  limit  of  the  quantity  usually  found  in  cement 
stones,  we  may  follow  the  theories  of  Messrs.  Minard  and  Lacordaire 
(iDgenieurs  des  Fonts  et  Chauss^es),  who  are  of  opinion  that  some  argil- 
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lAoeoas  limestones,  of  which  portions  contain  clay  in  excess,  may  by 
A  long  process  of  calcination  with  a  moderate  fire  be  transformed  into 
oement. 

VIII. — ^The  sonndness  of  this  fact  was  nevertheless  tested  by  the  ex- 
periment I  made  on  the  specimen  of  ghooting-stone  A7  from  Dinapore, 
as  described  in  Statement  B. 

This  ghooting  yielded  a  quick-setting  cement  when  calcined  with  a 
moderate  fire  until  it  would  not  slake. 

We  could  in  such  a  case  as  the  last  use  a  flame-kiln  for  calcinating  the 
ghooting  to  the  required  degree. 

IX. — I  must,  however,  reiterate  that  it  will  be  more  certun  and  more 
easy,  principally  on  account  of  the  burning,  to  choose,  for  the  manufacture 
of  cement,  ghooting-stones  which,  containing  the  proper  proportion  of 
clay,  can  be  easily  pulverized,  and  that  in  such  a  case  they  may  be 
treated  similarly  as  non-homogeneous  marly  clay. 

In  treating  about  ghooting  limestone,  I  may  as  well  state  that  the 
great  defect  in  hydraulic  lime  extracted  from  it  and  used  throughout  in 
Bengal,  lies  from  its  not  being  sifted  fine  enough.  Failures  in  buildings, 
are,  I  believe,  ascribable  in  a  great  measure  to  the  mortar  prepared  with 
this  defective  lime ;  for  straining  ghooting  lime  properly,  however,  I  am 
of  opinion  that  no  sieves  less  fine  than  one  of  20  meshes  to  an  inch  should 
be  used. 

Li  order,  therefore,  to  give  my  conjecture  a  trial  and  my  opinion 
stability  as  to  the  defect  above  noticed,  I  made  a  rough  analysis  of  the 
ghooting  lime  used  in  the  Drainage  Department  of  the  Calcutta  Munici- 
pality, and  found,  as  anticipated,  the  following  result : — 

djIZDOy  •••  •••  ...  ••.  ...  ...  ••.  47*0 
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Maboohi  Cement. 

The  Margohi  quarries  are  only  10  miles  distant  from  the  head  works  at 
Dehree,  and  about  5  from  the  tramway  at  Dhodand,  which  communicates 
with  the  head  works. 
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%  qjunieB   are    at    the    foot  of  the  hills,  and  can  be  worked  Tery 

1v\e  endent  at  present  that  the  8oane  Circle  con U ins  such  of  the  best 
atmila  ts  will  enable  the  manafactore  of  good  cement.  Of  the  speci- 
imreoelfed,  two  have  been  found  reiy  suitable  for  the  purpose.  These 
m  etUed  in  French  Mcwtub  ArgUmuu  (marly  day) ;  one  of  these,  B6, 
k  Tery  nearly  like  the  Mame  of  Boulogne  Sur  Ifer,  which  prodoces  a 
eement  which  is  coneidered  by  many  Engineers  better  than  the  English 
Portlukd  cement ;  the  other  marked  B7,  sent  to  me  as  white  clay,  is  also 
aifanie,ind  by  its  combination  with  B6  will  enable  the  manufacture  of  a 
eement  of  tbe  kind  which  is  commonly  called  Roman  eement. 

The  clays  B6  and  B7  are  yery  friable,  and  consequently  yery  easily 
polTerized ;  on  this  account  it  is  certain  (by  reducing  them  to  that  state 
ttd  eTentually  forming  bricks  with  them)  to  secure  a  good  homogeneity. 

Li  Statement  B.  are  giyen  the  results  of  the  experiments  on  cement,  a 
roQgh  analysis  of  these  two  descriptions  of  marly  clay. 

The  samples  Al ,  A2,  and  A3  may  be  also  considered  as  cement  stones, 
but  the  layers  of  these  atones  are  of  different  qualities ;  some  are  cement 
itones,  and  others  similar  to  those  called  by  Yicat  Chavx  Limitea^  which 
IIS  tlwaya  dangerous  to  nse. 

Should  these  stones  be,  howeyer,  burnt  to  a  high  temperature  and  at- 
tempts made  to  slake  them  with  boiling  water,  the  result  will  be  that 
vhfle  the  portion  containing  the  Chaux  Limttes  gets  slaked,  the  other 
remains  unaffected.  I  opine,  therefore,  that  they  must  be  rejected  on 
account  of  their  want  of  homogeneity,  and  principally  on  account  of  the 
presence  of  the  Chaux  Limitee;  neyertheless,  I  intend  making  further  ex- 
periments with  them. 

The  clay  from  Dehree,  B9,  contains  8  per  cent,  of  sand,  but  after 
washing  it  may  be  used  with  marly  day,  and  besides  it  may  answer,  if 
necessary,  to  increase  for  slow-setting  cements  the  proportion  of  clay. 

On  the  surface  of  the  ground  about  the  Margohi  quarries  there  is  to 
be  found  a  sandy  clay  to  a  depth  of  12  to  15  feet,  after  which  a  kind  of 
ihelly,  useless,  clay. 

This  shelly  clay  is  found  in  great  abundance  with  the  yellow  clay  £77, 
the  latter  containing  88  per  cent,  of  clay  or  sand,  and  12  per  cent,  of 
carbonate  of  lime,  and  under  it  the  yellow  marly  clay  £6,  which  is  also 
plentiful,  but  which  can  yery  easily  be  distinguished  from  the  shelly  clay. 

VOL.    II. SSCOMD    SBfilBS.  I> 
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The  fourth  strata  consisted  of  blue  stones  Al  and  A2,  mixed  with  the 
white  marly  clay  B7 ;  and  the  fifth  of  white  atone  A3. 

The  clay  B7  is  not  to  be  found  in  very  large  quantities,  but  for  the 
manufacture  of  cement  we  could  use  equally  well  the  white  stone  A8, 
which  possesses  very  nearly  the  same  chemical  composition,  and  may  be 
pulrerized  almost  as  easily  as  the  white  clay. 

The  rates  are  as  follow : — 

Extracting  raw  materials,   . .         . .  1  rupee  per  100  cubic  feet. 

Breaking  ditto,         ..         ..         ..  4  annas  ditto  ditto. 

Carriage  from  Margohi  to  Dehree,. .  6  rupees  ditto  ditto. 

Coolie  labor,  per  coolie,       . .         . .  from  2  annas  to  2  annas  6  pic. 

Fire-wood  per  100  maunds,  . .  12  rupees  8  annas. 

Coal  per  maund, 9  annas. 

Bucknour  Quarries, — These  quarries  are  5  miles  distant  from  Rohtas, 
24  from  Dehree,  and  1  from  the  River  Soane.  They  are  also  at  the  foot 
of  the  hills,  and  the  extraction  is  very  easy.  I  found  here  a  larger  variety 
of  stones  and  clays  than  at  Margohi. 

The  more  hydraulic  stones  are  those  which  are  found  on  the  surface  of 
the  earth,  In  excavating  from  6  inches  to  1  foot,  you  arrive  at  some 
beds  of  nearly  pure  fat  lime,  but  in  going  in  deeper,  many  varieties  of 
marly^clay  are  found,  similar  to  those  got  at  Margohi. 

I  was  enabled  within  a  very  small  space  of  ground  to  collect  as  many 
as  eight  dififerent  kinds  of  stones,  and  four  of  marly  clay,  varying  from  the 
fat  lime  to  stone  or  clay  containing  even  too  much  clay  for  being  cement 
stones,  which,  however,  could  be  used  as  puzzuolana. 

Analysis  subsequently  proved  to  me  that  the  specimen  marked  A48 
will  produce  a  slow-setting  cement,  and  its  homogeneity  will  afford  the 
advantage  of  burning  it  in  its  natural  state. 

These  quarries  have  heretofore  been  worked  only  by  natives  who  manu- 
factured fat  lime  and  sent  it  to  Patna.  Some  years  ago  they  manufac- 
tured as  much  as  1,25,000  maunds  in  one  year  for  the  railway ;  but  now 
the  annual  manufacture  varies  from  20  to  25,000  maunds  only. 

When  the  Soane  Canal  is  opened,  there  will  be  every  facility  for  the 
transport  of  cement  manufactured  at  these  quarries,  owing  to  their  vici- 
nity to  the  river. 

The  rates  at  Bucknour  are  as  follow : — 

Extracting  raw  materials, 1  rupee  per  100  cubic  feet. 

Breaking        ditto  ^  annas  ditto        ditto. 
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Cimi?^  from  "HndLi^oiir  to  Dehree,       . .    7  to  8  rupees  per  100  mannds. 
Dvtto  ditto  Patna,         ,.     18  rupecB  ditto        ditto. 

CooUeWboT,  per  coolie,        .  .  •  •        ..     from  1  anna  6  pie  to  2  annas. 

liiMfood  ^rather  scaxcc)  per  100  mannds,    7  rupees. 
Coal  per  maund,       .  •  •  •  •  •        . .     8  annas  6  pie. 

1  think  a  patient  and  deliberate  exploration  of  the  range  of  hills  from 
Mirgohito  Robtas,  -will  lead  to  the  discovery  of  several  varieties  of  use- 
ful stones.  1  intend  to  carry  out  a  careful  research  personally,  if  the  Gov- 
ernment sanctions  tbe  construction  of  a  small  cement  factory  at  Dehree. 

Dthrtt  Division. — My  inspection  of  the  quarries  of  Margohi  and  Buck- 
nonr,  and  tbe  series  of  experiments  I  have  already  made  on  the  spe- 
cimens from  those  qnarries,  confirm  me  in  the  opinion  that  this  is,  for  the 
present,  the  best  place  for  manufacturing  both  slow  and  quick-setting 
cements. 

Cement  Experiments. — On  the  19th  of  June,  upon  receipt  from  the 
Dehree  Division  of  160  cubic  feet  of  the  following  materials,  viz.,  yellow 
marly  day  B6,  white  marly  clay  B7,  white  stone  A3,  and  yellow  clay 
B77, 1  commenced  immediately  the  manufacture  of  cements,  but  instead 
of  hiring  monthly  or  buying  a  soorkee  mill,  and  an  engine  for  pulverizing 
the  materials,  I  foand  it  more  convenient,  and  comparatively  less  expen- 
sixe  to  hire  one  of  Messrs.  Bum  and  Company's  soorkee  mills  at  Bow 
Bazaar,  at  Rs.  18*  per  day  whenever  I  require  it.  The  materials  were 
sent,  and  they  were  very  easily  reduced  in  soorkee  mills  into  fine  powder, 
and  afterwards  I  had  the  following  mixtures  of  raw  materials  made : — 

^^  •  •    { 1  part   of  B7    }    ^°  which  the  arerage  of  clay  was  22  per  cent. 

^^  •  •     I  1  part*  of  B7    }    -^^^^g®  o^  clay  23  per  cent. 


>  2  parts  of  B6  ] 
J  1  part  of  B7  } 
I  i  part  of  B77 


8rd  •  •    ^  1  P<^  of  B7    y   Average  of  clay  82|  per  cent. 

I  i  part  of  B77  j 

These  I  put  into  vats  of  the  reservoir,  which  I  filled  with  water,  and 
agitated  the  whole  until  the  appearance  of  a  perfect  homogeneity.  The 
water  was  afterwards  allowed  to  flow  off  gently,  and  the  deposit  is  now 
drying,  and  1  hope,  weather  permitting,  to  see  it  arrive  in  a  few  days  to 
a  consistence  snfiBcient  to  enable  me  to  form  cakes,  &c. 

From  all  the  experiments  on  a  small  scale  I  have  hitherto  made  on  the 
ghooting  stones  or  kunkur,  I  feel  convinced  that  it  will  be  possible  to 
make  good  cement  with  some  of  them. 

*  Including  cost  of  coal,  tindal,  ftc. 
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The  composition  which  seems  to  me  at  present  the  best  and  the  most 
easy  to  born  for  the  making  of  a  slow-setting  cement  is«- 

2  parts  of  B6. 
1  part  of  B7. 
i  part  of  B77. 
It  can  be  burnt  near  ritrification,  and  sets  in  ten  hours. 

For  another  quick-setting  cement,  I  consider  the  following  composition 

the  best:— - 

8  parts  of  B6. 
1  part  of  B7. 

The  cement  produced  from  this  sets  in  35  minutes,  and  is  very  easy  to 
use,  as  it  does  not  set  too  quickly.  It  requires  a  slow  heat,  and  conse- 
quently, not  much  fuel ;  it  must  be  burnt  only  near  to  complete  calcina- 
tion, and  consequently  ought  always  to  retain  a  small  quantity  of  carbonic 
acid.  When  too  much  burnt,  if  immediately  used,  it  produces  a  very  bad 
result  as  shown  in  sample  17  A.  of  statement  C. ;  but  if  instead  of  using  it 
immediately  it  is  left  exposed  for  about  one  month  to  the  air,  some  car> 
bonio  acid  returns,  and  it  turns  out  as  good  as  if  not  too  much  burnt ; 
it  takes  only  a  little  more  time  in  setting.  This  result  is  shown  by 
sample  17B. 

On  account  of  this  peculiarity  it  will  only  be  necessary,  after  haying 
taken  out  of  the  kiln  the  cement,  which  may  often  contain  some  portions 
too  much  burnt  (which  are  very  easily  detected  with  a  little  practice),  to 
grind  and  to  leave  them  exposed  in  open  sheds  for  a  certain  time  before 
using  them. 

The  same  peculiarity  exists  also  In  all  the  cements  obtained  from  the 
different  mixtures  of  the  marly  clays  B6  and  B7. 

Another  example  of  it  is  shown  in  statement  G.  by  the  experiments  of 
2ivA.  and  2iyB. 

As  regards  the  quality  of  cement  No.  17, 1  tried  the  tractile  strength 
of  a  certain  quantity  bum  for  100  hours  comparatirely  with  the  strength 
of  English  Portland  cement ;  the  proces  verbal  on  page  xxii.  shows  the 
result  of  the  experiments. 

I  made  also  balls  of  mortars  composed  of — 

w^  1  12  parts  of  sand, 

«<^l  -Jl  part  of  cement  Nal7j 

and 
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Iff     «  1 9  pttti  of  mclf 

Ko.a  ••  tl  pitft of  PortUnd cement 

No.  I  pQt  under  water,  two  hours  after  being  made,  was  not  affected 
bj  the  wftter,  and  since  its  hardness  has  been  increasing  very  sensibly. 
No.  2  put  under  water  similarly  fell  into  pieces. 
Ai  fai  as  I  can  jndg^e  at  present,  the  probable  cost  (including  burning 
by  coil)  of  mannfsctaring  a  cement  equal  to  No.  17  at  Debree  would  be 
u  follows : — 

Ba  A.  p. 
Extracting  materialBy  ••        ••        ..  10    0    per  100  c.  ft 

Bietking        ditto,  • 0    4    0      „  „ 

Cimage  of  ditto  from  Kargohi  to  Dehree,  5    0    0      „  m 

Grinding  raw  materials,       10    0    0      „  „ 

llizing  and  washing  materials,  as  also  mak- 
ing cakes  or  balls,  •  •        ••        ..  8    0    0 
Loading  ind  onloading  kiln,          •  •         • .          2    8    0 

Grinding  bnmt  cement,       15    0    0 

Wesr  and  tear  of  bags  per  trip  at  6  pie 
Pwb^. 

SO  maimdB  of  coal  ai  9  annas  per  mannd, 

Gonlingendes,  about  80  per  cent,  •• 
Total, 

I  think  that  in  using  a  flame-kiln  of  the  kind  described  by  Yicat  for 
the  burning  of  artifical  hydraulic  lime,  we  could  bum  the  cement  with 
fire-wood. 
In  such  a  case  the  cost  will  be  as  follows : —  aa  a.  p. 

Extracting  carriage,  grinding,  fte.,  as  above  shown,       ••        89  14    0 
88  mannds  of  fire-wood,  at  Bs.  12-8  per  100  mannds,     . .  4    2    0 

Contingencies,  say, 10    0    0 

64    0    0 

As  I  hare,  in  calculating  the*probable  cost,  used  the  higher  rates  which 
may  hereafter  be  considerably  reduced  when  the  works  will  have  assumed 
a  certain  importance,  I  may  say  that  in  case  of  coal  being  bamt,  the  cost 
of  the  cement  will  not  exceed  Hs.  61-2  per  100  cubic  feet,  or  9  annas  10 
pie  per  cubic  foot,  or  in  round  numbers  10  annas ;  but  if  fire-wood  be  used, 
the  cost  will  not  exceed  Rs.  54  per  100  cubic  feet,  or  8  annas  6  pie  per 
euhicfoot 


8    2 

0 

89  14 
11    4 

0 
0 

51    2 
10    0 

0 
0 

61    2 

0 
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Pbooes  Vbrbal. 

Experiments  on  the  comparative  tractile  strength  of  Cement  No,  17  and 
English  Portland  Cement  (just  imported  and  in  very  good  condition). 

Cement  No.  17.-Composition.  {  t»-  p/XlL°rif  Ju^'  I  Ma^^^L 
Three  bricks  were  joined  together  by  means  of  a  mortar  made  with  this 

cement,  pure,  and  were  left  exposed  to  the  air  for  24  hours. 

These  were  then  put  under  water  for  10  days,  and  on  being  taken  out 

were  left  exposed  for  two  days  and  17  hours,  and  then  tried,  making  a 

total  of  13  days  and  17  hours  after  the  manufacture. 

Fig.  1.  Fig.  2. 


I  put  the  block  held  by  the  clamps  as  shown  in  Fig,  1,  and  loaded 
it  with  1,065  5)8.  The  block  stood  without  any  apparent  injury  for  about 
three  minutes,  and  then  the  brick  C.  give  way  partially  as  shown  in  the 
accompanying  figures. 

Fig.  3. 


C.  Section.  c.  Plan. 

I  made  a  new  hole  (m)  in  the  centre  brick  and  tried  it  again. 
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WWloaded  witli  1,316  lbs.,  the  joint  (a)  gave  way,  the  first  brick  A.  re- 
maimg intact,  and  tlie  brick  B.  having  a  portion  K,  broken  ( vidt  figures) ; 
Fiflf.  4.  Fig.  6. 
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A.  Plan.  B,  Plan,  B,  Section, 

the  nnihaded  parts  show  the  cement  which  remained  attached  to  bricks  A. 
andB;  the  shaded  portion  shows  the  cement  joints  separated  in  pieces 
upon  the  two  bricks. 

The  cement  inside  the  joints  was  fonnd  very  hard;  the  bricks  were 
first-rate  burnt  bricks,  but  the  bricks  A.  and  B.  (principally  A.)  were 
found  sensibly  better  and  harder  than  C. 

In  putting  the  cement  mortar  between  the  two  bricks  A.  and  B.,  the 
precaution  of  putting  an  hollow  part  against  a  flat  one  not  having  been 
taken,  two  hollow  parts  being  put  together,  air  got  within  and  left  the 
hollow  portion  marked  in  dotted  line  in  Fig,  5 ;  the  surface  of  that  por* 
tion  in  which  the  mortar  did  not  touch  the  brick  was  8  square  inches. 

The  total  area  of  the  brick  was  4|  x  9|  square  inches  ==  42|  square 
inches;  deducting  from  this  the  8  square  inches  above-mentioned,  ba- 
lance of  34f  square  inches  for  the  total  surface  was  left,  which  may  fairly 
be  calculated  to  oppose  resistance  to  the  tractile  strength,  and  it  may 
consequently  be  said  that  weight  of  87-87  per  square  inch  was  necessary 
for  the  breaking  of  the  joint. 

Portland  Cement.  —The  same  process  as  the  last  answered  for  this 
experiment. 

I  put  the  block  held  by  the  clamps  as  shown  by  Fig.  1,  and  loaded  it 
with  1,148  lbs.;  the  brick  G.  broke,  but  at  the  same  time  a  crack  ap- 
peared in  the  joint  b,  and  I  could  separate  the  bricks  B.  and  C.  easily. 
The  state  of  the  breakage  of  the  brick  is  shown  in  Fig,  6. 

Fig.  6. 


C.  Section.  C.  Plan. 

1  made  a  new  hole  (m)  {Fig.  2)  on  the  brick  B.  and  tried  it  again. 


so 
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When  loaded  with  1,036  lbs.,  the  brick  A.  broke  in  the  same  way  as  the 
first  one,  bat  the  joint  remained  intact. 
Fig,  7  and  8  show  how  the  mortar  remained  attached  to  the  bricks. 
Fig.  7.  Fig.  8. 


A,  Plan.  B.  Plan, 

A  small  piece  of  the  brick  {f)  broke  and  remained  fixed  on  the  other  brick- 
In  joining  these  two  bricks,  some  air  got  in  also,  and  left  in  the  mortar 
a  hollow  portion,  the  surface  of  which  was  1|  square  inches ;  this  being 
subtracted  from  the  total  surface  of  42|  square  inches,  the  balance  was  41 
square  inches.  It  may,  therefore,  be  said  that  a  weight  of  28  lbs.  per 
square  inch  was  necessary  for  the  breaking  of  the  joint. 

Note. — I  stopped  the  experiments  having  the  intention  of  trying  the 
remaining  joints  intact  when  they  become  two  months  old. 
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Note  ly  LiKUT.-CoL.  F.  T.  Haig,  R.E.,  Offg.  Chttf  EngineiTf  Bengal 
Irrigation  Branch. 

Mr.  Dejoax's  experiments  up  to  the  present  time  seem  to  haye  pretty 
well  esUblished  two  points. 

(1).  That  a  cement  quite  equal  to  Portland  cement,  as  receiTed  in 
this  countrj,  can  be  made  from  a  combination  of  a  marlj  clay  and  «  lime- 
stone found  close  together  at  the  base  of  the  hills  skirting  the  Soane, 
from  the  Dehree  Stone  Quarries  at  Dhodand  to  Bohtas,  a  distance  of 
20  miles. 

(2).  That  an  equally  good  cement  may  be  manufactured  from  the 
Sylhet  lime  and  Calcutta  blue  clay. 

With  regard  to  the  first  cement,  Mr.  Dejoux  states  that  any  quantity 
of  the  materials  is  available.  The  strata  lie  generally  near  the  foot  of 
the  hills,  which  have  a  rather  steep  slope ;  but  there  will  be  no  need  to 
cut  deeply  into  the  face  of  the  hill  at  any  point,  which  would  be  expen- 
sire,  as  by  going  a  little  further  along  the  hill  more  of  the  material  can 
be  obtained. 

Calculating  on  the  data  as  to  cost  of  extraction,  carriage,  dkc,  afforded 
by  the  works  at  Dehree,  for  which  lime  is  now  brought  from  Margohi 
(a  point  in  the  hills  leferred  to,  about  5  miles  from  the  stone  quarries), 
Mr.  Dejonx  thinks  that  the  cost  of  the  cement  at  Deliree  would  be  about 
Ra.  61  per  100  cubic  feet,  if  Coal  were  used;  or  Rs.  54,  if  wood. 

The  cost  of  carriage  to  Arrah  by  canal  would  be  Rs.  8  per  100  cubic 
feet. 

From  Arrah  to  Calcutta  by  rail  the  cost  would  be  Rs.  40  per  100, 
and  from  Arrah  to  Cawnpore  by  rail  Rs.  40. 

Thus  the  cost  of  the  cement  in  Calcutta  would  be  for — 

Carriage — 

Dehrre  to  Arrah,  8 

Arrah  to  Cttlcntta,        40 

Terminal  charges,  shifts,  &c, 10 

58 
Cost  of  ement  at  Dehree,        ••         •■        60 

Total  cost  at  CalcQtta,        118  per  100  c.  feet. 

The  cost  at  Cawnpore  would  be — 
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Carriage —  bs. 

Debree  to  Arrah,          8 

Arrah  to  Cawnpore,      •  •         , .         , 40 

Terminal  charges,  &c., 10 

Prime  cost,        .  •        60 

Total  cost  at  Cawnpore, 1 1 8  per  100  c  feet. 

If  the  cement  were  sent  by  water  all  the  way  to  Calcutta,  the  cost  there 
would  be  about  Rs.  100. 

The  cost  of  Portland  cement  in  Calcutta  is  Rs.  9  per  cask,  containing  5 
cubic  feet,  but  there  is  always  a  wastage  of  half  a  cubic  foot,  so  that  the 
actual  cost  is  Rs.  2  per  cubic  foot,  or  Rs.  200  per  100  cubic  feet. 

Adding  railway  charges,  the  cost  of  the  same  cement  in  Cawnpore 
would  be  Rs.  290  at  least. 

Thus  the  relative  costs  at  each  place  would  be — 
Calcutta —  Es. 

Portland  Cement,  200 

Margohl      „  100  to  118 

Cawnpore — 

Portland  Cement,         290 

Margohi      „  118 

These  calculations  seem  sufficient  to  show  that,  if  the  cement  can  be 
made  for  anything  like  Rs.  60  per  100  cubic  feet  there  would  be  a  very 
extensive  demand  for  it. 

Mr,  Dejoux*8  experiments  with  the  cement  manufactured  from  Sylhet 
lime  have  not  yet  gone  far  enough  to  enable  him  to  judge  what  its  cost 
would  probably  be,  but  he  thinks  it  would  be  about  Rs.  100  per  100  c.  ft. 

Mr.  DcjouT  also  reports  that  some  specimens  of  kunkur  lime  sent  him 
by  Captain  Heywood,  which  came  from  a  bed  somewhere  in  the  Shahabad 
District,  not  far  from  the  line  of  the  Arrah  Canal,  appear  to  form  a 
natural  cement.  I  am  inclined,  however,  rather  to  distrust  any  natural 
cement  produced  from  this  source  on  account  of  the  want  of  homogeneity 
in  the  material,  and  think  that  for  the  present  operations  had  better  be 
conBned  to  the  Margohi  stone. 

I  think  there  is  now  quite  enough  to  warrant  the  commencement  of 
the  manufacture  of  cement  at  Dehree,  or  in  that  neighbourhood,  on  a 
small  scale.  The  Soane  works  alone  will  require  a  certain  quantity  :  and 
if  the  manufacture  is  limited,  in  the  first  instance,  to  their  requirements, 
we  shall  probably,  in  the  course  of  a  year  or  two,  by  gradual  improve- 
ments in  the  processes,  arrive  at  a  really  iirst-rate  cement. 
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Ewgk  Analysis  of  the  Specimens  which  have  been  burnt  for  the  purpose 

of  making  Cement, 


Materia.!  9  from  ^rhcncc 
obtained. 


Composition. 


BG       Marlv     clay    froml 
Margoliiy       •--  •••  i 


Carbonate  of  Lime 

„        of  Magnesia... 
Oxide  of  Iron 


aay 
Sand 


I  Silica 
Alumina 


Totol 


«-  I    Marlv     clay 
^'    Margohi,      ... 


from 


( I  Carbonate  of  Li  me 
I  I        „        of  Magnesia 

f!  • 

Oxide  of  Iron 

p!«„  J  Silica      

^^^yJAlomina 

Sand  

Total 


f; Carbonate  of  Lime 

of   Magnesia 


6065 

14  35 

0-67 

23  33 

100 


10000 


8000 
Traces,  but 
not  appreci- 
able. 
Ditta 

2000 

00  00 


10000 


Bine     stone    from!  Oxide  of  Iron 

vSand 
I  Total 


Ell 


64  07 

1100 

1-33 

82-00 

1-60 


10000 


,    White  lime-stone,  ■< 
^^    Margohi,     ... 


A2 


r  (Carbonate  of  Lime 


of  Magnesia 
Oxide  of  Iron        

^'*y  \  Alumina 
Sand 

Total 


Blue  stone -from 
Margohf,     


Carbonate  of  Lime 

p,      J  Silica 

^**y  \  Alumina 

Sand 

Oxide  of  Iron     ... 

Total 


75-73 
044 
050 

23-33 

000 


100  00 


81-34 

16  00 

0-66 
200 

100  00 


Bemarki. 


Hydraulic  lime- 
stone containing 
*  lime  limites  in 
notable  propor- 
tion. 
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I 


3CaterU2i  from  vfacnoe 


CcTcyodzicc 


E-fsurks. 


I 


A48 


'  C*rbi-ii4te  of  Lime 
Grmv      lime-stone  \  Clar  an-1  San-1 
from  Bohuu  Hill, 24  .     (Feeble  tr^-ts  -*f  Oxiie- 
miles  from  Dchree,     I  of  Iron  nnd  Curbonaze  of 


7234 
27  »:o' 


'  Cement  stone. 


,  Magnesia). 


Total 


l'>?\0 


B77 


Yellow  claj  loimd 
at  Margohi, 


1 


Carbonate  of  Lime        ...  II  S** 

J,         of  Ma£:ne:^:a  0  7'.' 

Oxide  of  Iron     None. 

I  Silica 
'{  Alcxnina 
Sand  


Clar 


62 'Xi 

SCO 


G^^>1  rV»r  mann- 
-.laoiure  of  «l«>w- 
,  setting;  cement. 


Gliooting>-stoiie 
from  Dinnpon, 


•■| 


Total  ...        lO.HTO 


Carbonate  of  Lime      ^.  ^  | 

„          of  Magnesia    >        77  0«> 
Oxide  of  IroQ l-OO 

<^«^  {^iSu.    ::;}   ^-^^ 

Sand  Not  appre- 

ciable. 


10i>00 


Bewuirkt  mbimt  tht  preparatiom  tf  i\t  sample*  for  cement, 

1ft— The  samples  marked  Nos.  1,  S,  3,  4,  5,  6,  hare  been  pnlrerizod  and  passed 
through  a  siere  of  60  meshes  to  one  inch.  The  proportions  of  each  have  been  care- 
foil  J  measured  in  Tolnme,  after  being  mixed  in  water  ;  the  water  was  then  removed 
br  decantation,  and  the  mixture  left  nntil  formed  into  the  consistence  of  a  rather 
hard  paste.  Of  this  paste,  balls  were  made  of  about  21  inches  in  diameter  ;  these 
balla  were  exposed  to  the  son  for  seven  days  and  burnt  in  the  small  kiln  nith  coke 
When  taken  ont  from  the  kiln,  thev  were  polveriied  and  strained  through  a  sieve  of 
60  meshes  to  one  inch. 

The  powder  thos  obtained  was  mixed  with  a  little  water  and  made  into  a  rather  stiff 
paste  of  which  while  a  portion  was  put  into  a  tumbler  and  immersed  in  water,  of  the 
other  a  cake  was  made  and  left  exposed  to  the  air. 

The  cement  in  water  erentuallT  was  tested  with  the  Aiguille  of  Vicat 

2nd. — The  samples  marked  Nos.  9,  11,  and  12  were  not  pulverized,  but  I  put  only 
the  stones  (well  washed  preTioosly)  in  the  kiln,  and  after  burning  sifted  them  through 
the  same  siere  of  60  meshes. 
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No.  LXVI. 

KUBACRES'     HYDRAULIC    BRAKE    AND    TUMBLER 

SHUTTERS. 
{^Vide  Plate  Nos.  UL  and  IV.] 


litder-slutcM  of  the  Soane  AniciU. — In  the  plan  now  determined  on, 
ochof  the  three  sets  of  nnder-slaices  of  the  Boane  anient  will  he  divided 
nto  22  openingB,  each  opening  heing  20  feet  7  inches  in  the  clear ;  the 
pen  between  the  openings  will  he  4  feet  thick  and  ahont  30  feet  in 
kgth,the  tops  of  the  piers  heing  10  feet  ahove  the  level  of  the  nnder- 
dmce  fioor,  and  2  feet  above  the  crest  of  the  weir  wall  which  is  to  be  9 
fact  above  the  sluice  floor  ;  aboat  the  centre  of  each  opening  the  level  of 
the  floor  wUl  be  raised  9  inches,  and  thicker  floor  stones  laid;  the  object 
of  this  is  partly  for  the  pnrpose  of  having  heavier  stones  where  the  hinges 
an  fixed,  and  partly  to  enable  the  shatters  to  lay  singly  on  the  floor,  and 
to  form  a  all  for  the  lower  part  of  the  shatter  to  rest  against. 

Etch  opening  will  be  fitted  with  two  shntters ;  the  np-stream  one  A, 
11  21  feet  8  inches  in  length  and  9  feet  9  inches  high ;  this  shatter  is 
kinged  at  its  lower  edge  and  tarns  on  two  strong  cast-iron  gndgeons  0, 
working  in  sockets  built  into  the  piers,  the  shatter  being  8  inches  longer 
thin  the  width  between ;  the  piers  will  have,  when  vertical,  a  bearing  of 
4  inches  on  either  side  against  each  pier ;  the  piers  are  recessed  to  5  inches 
deep  for  the  extent  required  to  enable  the  shatter  to  oscillate  freely  be- 
tween the  horizontal  and  vertical  position.  At  the  back  of  the  shatter 
•re  fitted  6  back  stmts,  which  are  the  principal  novelty  in  the  new  system 
snd  answer  the  double  purpose  of  supporting  the  shatter  when  vertical, 
snd  of  breaking  the  force  of  concussion  against  the  piers  when  it  is  sud- 
denly raised  with  9  feet  running  through-,  and  with  a  head  of  4  or  5  feet. 

Each  back  stay  consists  of  two  cast-iron  sockets  D  and  £,  the  first 
fitmlj  attached  to  the  stone  floor,  the  other  to  l^e  shutter;  in  the  lower 


99  FOimAOBXft'   HTMAVLIO  brake  Aim  TUIIBLBR  gHUTllRS. 

socket  D,  is  hinged  an  iron  bar  F,  2f  inches  diameter;  in  the  npper 
socket  E,  a  rongh  iron  pipe  G,  S^  inches  internal  diameter  is  also  hinged ; 
the  bar  F,  is  inserted  into  the  pipe  O,  and  the  two  thus  form  a  teles- 
copic stmt ;  on  the  lower  extremity  of  the  bar  F,  is  a  collar  H,  and  a 
ring  is  shrunk  on  the  end  of  the  pipe  G.  When  the  shutter  is  vertical 
these  two  are  in  contact,  and  the  pipe  G,  thus  forms  a  rigid  strut  sup- 
porting the  shutter  at  the  back. 

On  the  rod  F,  which  is  half  an  inch  smaller  than  the  pipe,  are  shrunk 
two  rings  forming  guides,  and  aboye  the  upper  ring  is  fixed  a  leather 
packing  similar  to  that  of  an  hydraulic  ram ;  this  packing  makes  the  head 
of  the  rod  a  kind  of  piston  similar  to  an  upper  pump-box,  which,  when 
exposed  to  the  force  of  the  water,  fits  tightly  into  the  hollow  tube. 

In  the  pipe  G,  are  two  small  holes ;  the  lower  one  I,  is  about  4  inches 
abore  the  leather  packing  of  the  rod  F,  when  the  shutter  is  horizontal 
and  the  telescopic  joint  drawn  out  to  its  utmost ;  the  other  hole  E,  ia 
quite  at  the  top  of  the  pipe,  a  little  aboye  the  leather  packing  when  the 
shutter  is  vertical,  and  the  telescopic  joint  shut  up  as  far  as  possible. 

The  action  of  J  these  back  stays  is  as  follows : — When  the  shutter  is 
down  and  the  telescopic  joint  drawn  out,  the  water  running  through  the 
fdnices  enters  and  fills  the  pipe  G,  through  the  holes  I,  and  K,  and 
also  probably  past  the  piston,  for  the  leather  packing  is  such,  that  it  be- 
comes loose  as  the  rod  is  drawn  out ;  the  pipe  is  thus  full  of  water,  and 
as  soon  as  the  shutter  begins  to  rise,  and  the  telescopic  joint  consequently 
to  shut,  the  leather  packing  being  opposed  by  the  water  in  the  pipe  be- 
comes tight  and  fits  closely  to  the  interior  of  the  pipe ;  the  water  is  there- 
fore forced  out  of  the  first  or  lower  hole  I,  which  is  larger  than  the  upper 
one,  and  consequently  more  easily  permits  the  efflux  of  the  water ;  thus 
when  the  shutter  first  commences  to  rise  there  is  little  opposition  to  its 
moyement,  but  when  it  has  risen  a  short  distance,  and  the  leather  packing 
has  slid  past  the  hole  I,  all  the  water  remaining  in  the  pipe  has  to  be 
expelled  through  the  smaller  hole  E,  and  consequently  a  greater  resist- 
ance is  opposed  to  the  shutter,  which  comes  up  gradually  to  the  vertical 
position,  violently  expellbg  the  water  in  a  jet  from  the  small  hole. 

The  appended  report  by  Mr.  Eimber,  Executive  Engineer,  Cossye 
Division,  on  experiments  with  a  model  shutter,  abundantly  prove  the  per- 
fectly saccessfhl  working  of  this  form  of  back  stay. 

A  yertioal  bar  L,  (with  a  c«toh  at  the  lower  end  worked  by  a  handle  on 
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ihepler)  is  fixed  to  retain  tLe  shutter  in  a  horizontal  position,  until  it  is 

required  to  be  lifted. 

The  down-stream   shutter  B,  is  the  ordinary  single  tumbler  shutter 

dengned  by  Mr.  Fonracres  and  now  in  use  on  the  Cossye  anient  at  Panch- 

kooTBh.    This  shutter  is  20  feet  7  inches  long,  and  9  feet  9  inches  high, 

fitting  between  the  two  piers  without  any  recess ;  on  the  front  side  of  this 

tkutter  are  seven  tension  bars  M,  which  are  hinged  in  cast-iron  sockets  N 

nd  0.    The  shutter  oscillates  about  the  centre  of  the  pin  at  N.,  and  the 

tension  rod  M.   about  the  centre  of  that  at  O.,  so  that  when  the  shutter 

f&Us  down-stream  the  lower  part  slides  along  the  floor  towards  O.,  and 

fintUy  fi'mks  into   the  horizontal  position  shown  by  dotted  lines  in  the 

drawing. 

The  socket  N  is  attached  to  the  shutter  some  few  inches  below  the 
emfre  of  pressure  when  the  water  is  at  its  highest,  so  that  when  the  leyel 
is  Bnch  as  to  raise  the  centre  of  pressure  sufficiently  above  the  centre  of  the 
locket  N,  and  to  overcome  the  friction  of  the  lower  edge  of  the  shutter 
on  the  floor,  the  shatter  falls  into  the  horizontal  position  and  the  water  is 
free  to  pass  through. 

A  catch  P,  at  each  end  of  the  shutter  retains  it  against  any  head  that 
maj  accumulate  on  the  up-stream  side,  and  a  crank  catch  U,  fitted  on  its 
lower  edge  will  counteract  any  strain  which  may  be  thrown  upon  the 
abutter  by  an  alteration  of  the  centre  of  pressure  caused  by  an  accumula- 
tion oi  water  on  the  down-stream  side.  Two  yertical  bars  Q  with  a  catch 
at  their  lower  end,  keep  the  shutter  from  floating  and  shifting  about  when 
water  is  rushing  through  the  sluices.  Pieces  of  kentledge  R,  are  also 
fastened  to  the  front  of  the  shutter  as  shown  on  the  drawing,  to  keep  it 
steady  and  to  prevent  it  from  being  raised  by  the  water  until  catch  Q  is  in 
gear.  The  clutch  U,  is  simply  a  bar  of  square  iron  hinged  to  the  lower 
edge  of  the  shutter  and  slightly  cranked  near  the  centre ;  when  the  shut- 
ter is  raised,  the  crank  or  joggle  in  the  bar  falls  into  the  casting  W, 
whidi  is  provided  with  a  lug  to  catch  it  immediately  below  the  crank 
clutch  and  sliding  in  the  same  casting  is  a  longitudinal  bar  X,  which 
can  be  moved  backwards  and  forwards  in  bearings  provided  for  it,  by 
means  of  the  long  lever  Y,  fixed  at  the  end  of  the  pier ;  on  the  top  of 
this  bar  are  small  inclined  planes  or  wedge-shaped  protuberances,  which, 
lAen  the  bar  is  moved  horizontally,  force  the  clutch  bar  U,  out  of  the 
Midi  er  hig  on  the  castings  W,  and  the  shutter  is  then  free  to  fall. 


3^  FOUBAOEBS'  HTDaAULIC  BBAKB  AVD  TUMBLEB  BHUTTBB8. 

In  each  of  the  shatters  is  *  small  sluice  S,  which  can  be  opened  by  hand 
at  will. 

In  front  of  the  np-stream  shatter  is  a  groove  T,  cat  from  top  to  bottom 
of  the  pier,  into  which  logs  of  timber  can  be  dropped  any  time  when 
repairs  are  necessary  to  the  shatters,  or  in  case  of  accident  prerenting 
them  from  being  lifted. 

Daring  the  whole  of  the  dry  season,  in  order  to  retain  the  water  in  the 
weir  pool,  it  will  be  most  convenient  to  leave  the  ap-stream  shatter,  which 
will  be  qaite  water-tight,  standing :  when  the  freshes  are  expected  and  it 
becomes  necessary  to  make  arrangements  for  opening  the  slnices,  the 
back  shatter  is  raised  by  men  who  can  with  little  difficulty  lift  it  from 
behind;  or  if  it  be  thought  necessary  to  employ  a  less  number  of  men  than 
would  be  required  to  lift  it  by  hand,  a  doable  purchase  tackle  caa  be 
easily  rigged  in  eyebolts  fixed  to  the  upper  and  lower  shutters  for  the 
purpose.  When  the  back  shutter  is  up,  the  top  catches  P,  and  the  lower 
clutch  U,  are  fastened  ;  the  small  slaice  S,  in  the  front  shatter  is  thea 
opened  and  the  space  between  is  filled  with  water ;  the  pressnre  of  the 
water  being  now  borne  by  the  lower  shutter,  the  upper  one  can  with  ease 
be  lowered  and  fastened  by  the  catch  L,  in  a  horizontal  position.  A  day 
or  two  before  the  freshes  are  expected,  the  catches  P,  and  U,  of  the  back 
shutter  are  unfastened  ;  so  that  when  the  freshes  come  down  and  the  water 
in  the  river  rises  to  the  top  of  the  back  shutter,  it  will  upset  of  its  own 
accord,  leaving  the  vents  clear. 

At  the  end  of  the  floods  or  at  any  time  when  it  is  reqnired  to  raise  the 
shatter,  it  is  only  necessary  to  anfasten  the  catches  L.  of  the  front  shutter 
which  will  float  ap  of  itself  until  it  encounters  the  impulse  of  the  stream, 
which  will  in  a  very  short  time  raise  it  into  its  vertical  position;  the 
shock  always  so  disastrous  with  the  French  shutters  in  use  in  the  other 
under-sluices  is  entirely  removed  by  the  resisting  action  of  the  hydranlic 
brake  struts. 

Whenever  it  is  necessary  to  raise  or  lower  the  shatter,  the  above  opera- 
tion must  of  coarse  be  repeated. 

The  advantages  of  this  system  over  the  old  French  plan  are— 

I. — That  the  heavy  wooden  beams  from  end  to  end  of  the  slnioeSi 
the  ponderous  cast-iron  shoes  required  for  the  back  stays  and 
wrought-iron  hinges,  the  front  and  rear  disengaging  clatch  barsi 
and  the  large  holding-down  bolts,  are  entirely  dispensed  with* 
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a-That  the  front  shutter  being  the  one  that  retains  the  water  during 

eight  months  of  the  year,  all  the  working  parts  can  be  easily 

got  at  for  repair,  painting,  &c, 
m— That  the  piers  being  so  close  to  one  another,  timber  beams  can 

at  any  time  be  dropped  into  the  front  grooye  for  the  purpose 

of  effecting  repairs. 

0.  P. 


Mmormdum  of  experiments  conducted  at  Midnapore  on  the  hydraulic 
hrahe  shutter ^  tJie  invention  of  C.  Fouracrbs,  Esq.,  Executive  Engineer 
of  the  Dehree  Workshop  Division^  proposed  to  be  used  in  the  Under^ 
thtices  of  the  Soane  Anicut. 

These  experiments  were  made  on  the  29th  and  30th  April,  1872,  in 
the  nnder-sluices  of  the  weir  across  the  Cossje  at  Midnapore,  and  conduc- 
ted bj  a  Committee  composed  of — 

Mr.  J.  Kimber,  Execatiye  Engineer,*  Coasye  Division. 

,y  C.  Fonracres,     „  „         Debree  Workshop  DiyiBion. 

^  J.  H.  Apjohn,  Assistant    „         Cossye  Dirision. 

MDsted  bj     99  A  Snedon,  Sob-En^eer. 

The  place  of  experiment  was  a  Tent  of  5  feet  wide  of  the  full  height  of 
the  pond  caused  by  the  weir ;  the  longitudinal  or  up  and  down-stream 
section  is  given  in  the  accompanying  Plate  (IV). 

The  depth  of  water  on  the  up-stream  side  of  the  yent  was  5  feet,  and 
on  the  down- stream  nothing. 

The  Tent  is  closed  at  the  up-stream  entrance  by  a  large  shutter,  which 
18  capable  of  being  lifted  wholly  out  of  its  grooves  making  all  clear ;  in 
this  sluice  and  near  its  bottom  edge  is  a  small  sluice  giving  an  opening 
of  2  feet  square. 

By  rectangular  holes  in  the  walls  of  the  vent  close  to  the  floor,  means 
are  afforded  for  fixing  temporary  timber  sills  for  experimental  purposes. 

The  shutter  to  be  experimented  on  was  5^  feet  high,  with  a  clearance  of 
about  1  inch  on  each  side  and  was  hinged  in  the  first  instance  by  two,  and 
afterwards  by  three,  iron  hinges  to  a  sill  timber  previously  fixed  for  the 
purpose ;  the  shutter  falls  up-stream  wards.  To  the  back  of  the  shutter 
is  hinged  at  about  18  inches  below  its  upper  edge  a  piece  of  boiler  tube 
2^  inches  diameter,  and  to  a  sill  timber  4^  feet  in  rear  of  the  shutter  is 
hinged  a  plunger  which  works  in  the  tube.   The  plunger  and  tube  together 
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form  a  rigid  stmt  and  support  to  the  shutter  when  in  an  aprigbt  poai* 
The  fore  end  of  the  plunger  is  famished  with  a  leather  gland  like  that 
pump  bucket  which  permits  of  easy  withdrawal  of  the  plunger,  bat  exps 
to  internal  pressure,  which  expansion  prevents  any  escape  of  watar  A  ' 
the  sides  of  the  pluuger ;  the  greater  the  pressure  in  feet,  the  tighter 
apparatus  is  in  this  direction.    At  about  15  inches  in  rear  of  the  plufc^ 
head  is  made  an  enlargement  easily  fitting  the  tube  merely  to  serra  m^ 
guide  to  keep  the  plunger  and  tube  in  a  true  line  when  in  action.    WKa 
the  shutter  is  prone,  the  plunger  and  tube  hereafter  called  the  brakoi  te 
its  most  extended  condition,  and  when  the  shutter  is  up,  it  is  in  its  SLC 
contracted.    In  the  most  extended  condition  the  brake  is  supposed  to    1 
always  under  water,  and  by  means  of  a  hole  in  the  tube,  about  f -iiM 
diameter,  just  in  front  of  the  plunger  the  tube  becomes  filled  with  wato 
Another,  but  yery  small  hole,  pierced  in  the  top  of  the  tube  is  for  tfa 
exit  of  the  water,  while  the  shutter  is  rising,  and  the  brake  in  action. 

The  action  of  the  shutter. — The  shutter  being  in  its  prone  positUM 
with  the  stream  running  oyer,  it  has  by  its  buoyancy  first,  and  then  bg 
the  action  of  the  stream,  a  tendency  to  rise  or  turn  about  its  hinges,  anc 
but  for  some  contrivance  would  fly  back  with  very  great  violence.  This 
violence  may  be  in  some  measure  appreciated  when  it  is  stated  that  till 
chains  of  the  same  size  of  shutter  forming  the  front  set  of  the  doubk 
French  system  in  the  Midnapore  under-sluices  are  frequently  broken,  and 
these  chains  are  |-inch  stud-cables,  tested  to  a  strain  of  10  tons,  and 
there  are  two  of  these  chains  to  each  shutter.  The  shutter  in  rising 
presses  upon  the  tube  which  closes  slowly  upon  the  plunger,  while  the 
water  is  forced  out  of  the  smaller  hole  mentioned.  The  dbaorption  of  thi 
force  required  to  expel  the  water  in  front  of  the  plunger  of  large  diamiim 
through  the  smaller  orifice  constitutes  the  brake  action.  The  greater  the 
disproportion  between  the  diameter  of  the  tube  or  plunger  and  that  of  this 
hole,  the  slower  the  process.  At  first  starting  from  its  prone  position,  a 
slight  advantage  is  given  to  the  rising  tendency  of  the  shutter  by  the 
relief  given  to  the  tube  by  the  larger  hole  near  the  plunger,  until  the 
moment  that  the  plunger  passes  it.  This  hole  permits  of  a  very  abort 
travel  by  the  plunger  until  it  is  covered,  as  it  would  not  do  for  the  shatter 
to  gain  much  way  without  the  full  check  offered  by  the  brake. 

On  the  2^th  April — 1st  experiment  was  with  the  small  vent  2  fiset 
square  only  open  which  yielded  a  stream  of  water  16  inches  deep  on  the 
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mtter  ranning  at  a  velocity  of  10  feet  per  second  as  taken  by  tke 
irrent  meter.  The  shutter  on  being  released  rose  in  15  seconds,  rising 
u  the  head  accumulated  on  it  without  the  slightest  shcck.  The  water 
bebg  ihut  off  the  shutter  was  again  laid  prone. 

I  lid  txperiment, — The  whole  Tent  was  opened,  bat  on  releasbg  the 
liiiitter,  the  hinges  gare  way,  putting  an  end  to  the  experiment;  and  the 
rmiinder  of  the  day  was  occupied  in  putting  on  stronger  hinges  and  re- 
plicing  the  plunger  rod  in  part  by  iron  of  larger  diameter. 

Oa  the  ZOth  April  everything  was  re-fixed  and  the  smaller  hole  in  tube 
enltrged  to  ^-inch. 

lit  expti^iment. — With  Ihe  small  shutter  of  vent  opened,  and  other  con- 
ditions the  same  as  in  the  experiment  of  previous  day,  the  shutter  rose  in 
less  than  10  seconds  without  any  shock  whatever.  This  was  repeated  half 
t  dozen  limes  with  the  same  result. 

2/1 J  experiment. — The  vent  was  fully  opened  ;  the  stream  ran  8^  feet 
deep  with  a  velocity  of  10  feet  per  second  over  the  shutter  as  taken  by  the 
carrent  meter.  The  shutter  on  being  released  rose  in  less  than  5  seconds 
witboQt  the  slightest  shock  or  hitch  of  any  description.  The  actual  head 
of  water  in  the  pond  above  the  vent  was  5  feet. 

It  is  to  be  mentioned  that  the  shutter  was  fixed  at  6  feet  from  the  down- 
stream end  of  the  vent  where  there  is  a  clear  drop  of  0  inches  to  the  rear 
apron  of  the  under-sluices ;  where  again  there  were  only  a  few  inches  of 
watev-at  the  time  of  the  experiments. 

It  will  be  observed  that  the  shutter  has  been  exposed  to  conditions  which 
are  never  likely  to  occur  in  actual  practice.  In  practice  there  would  always  be 
I  certain  depth  of  water  in  the  rear  to  relieve  the  accumulating  head  in  front. 

The  conclusions  are,  that  the  application  of  the  principle  of  the  hydrau- 
lic buffer  (to  be  here  called  the  hydraulic  brake)  has  been  perfectly  success- 
ful. It  is  probable  that  some  improvements  may  be  found  in  the  replac- 
ing of  the  plunger  by  a  less  perishable  material,  but  this  is  a  comparatively 
unimportant  matter  of  detail.  The  principle  can  be  applied  to  a  shutter 
of  any  dimensions  consistent  with  proper  proportions  of  strength  and 
due  attention  to  the  proportion  between  the  diameter  of  the  plunger  and 
that  of  the  smaller  orifice  of  discharge  from  the  tube. 

It  appears  that  any  appreciable  period  short  of  inbtantancous  action  is 
sufficient  to  prevent  any  shuck. 

J.     K. 
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No.  LXVII. 
EASTERN    GANGES    CANAL. 
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(Compiled  by  EditorJ, 


Thb  tract  of  country  between  the  Ganges  and  Ramgunga  Rivers,  forming 
Western  Rohilcund,  and  comprising  the  districts  of  Bijnour,  Moradabad, 
and  Budaon,  having  suffered  severely  from  droughts,  projects  for  irriga- 
ting this  'doab*  from  both  the  rivers  were  taken  in  hand  under  the  gene- 
ral direction  of  Mr.  J.  L.  Parker,  G.E.,  Superintending  Engineer.  In 
1869,  the  earthwork  (in  part)  of  18  miles  of  the  projected  canal  was 
executed  as  a  '*  famine  relief  work ;  "  and  in  connection  with  the  submis- 
sion of  the  Estimates  for  this  Earthwork  the  subjects  of  the  proposed 
volume,  and  system  of  distribution  of  water  supply  of  the  canal,  (desig- 
nated the  Eastern  Ganges  Canal,)  were  discussed  in  the  correspondence 
between  the  Supreme  and  North- Western  Provinces  Government. 

All  the  discussions  on  these,  and  collateral,  subjects  are  very  interest- 
ing to  the  Hydraulic  Engineer,  but  they  cannot  be  reproduced  in  this 
journal  in  extenso ;  the  following  extracts  however  will  sufficiently  exhibit 
the  several  views  held  by  different  Engineers,  and  the  arguments  adduced 
in  support  of  these  views :  and  will,  it  is  hoped,  be  found  well  worth  per- 
usal and  careful  consideration. 

The  appended  Map  {Plate  V.),  shows  the  general,  proposed,  direction 
and  arrangement  of  the  main  lines,  and  larger  distributaries,  with  suffi- 
cient'accuracy  to  illustrate  the  references  in  these  extracts  of  correspon- 
dence. It  is  reduced  from  a  map  originally  compiled  by  Mr.  Parker, 
when  surveying  for  a  canal  from  the  Ramgunga  in  1856.  The  map 
does  not  however  show  the  **  perennial  channels  **  on  the  right  and  left 


on ^ mam  canal,  tbe  proposal  for  which  fomiB  the  principal  subject  of 
km\on  in  the  correspondence.  These  may  be  imagined  to  run  more 
orlen  parallel  with  the  main  canal  below  the  SOthmile,  and  with  the  Sam- 
M  ind  Amroba  Branches,  at  the  distance  of  a  mile  or  two  on  both  right 
ind  left  Hides. 

It  irUl  be  understood  that  all  reference  to  many  letters,  reperts,  &c.,  is 
entirely  omitted,  and  that  some  of  the  subjects  discussed  in  the  papers  un- 
der consideration  are  also  ignored  in  toto  in  these  extracts ;  which  deal 
only  with  the  arguments,  &c.,  bearing  on  the  questions  of  '^  volume,  and 
lystem  of  distribution,  of  water  supply  **  in  the  proposed  canal. 


Ckie/  Engineer  (Irrigation)^  N.  W.  ProvinceSf  9th  December,  1869. 

The  following  is  a  Statement  of  the  Scope  and  Design  of  the  Canal. 
It  has  been  determined  by  the  Govemment  of  India  that  a  volume  of 
water  of  not  less  than  1 ,000  cubic  feet  a  second  shall  be  contributed  from 
the  Ganges  fur  the  irrigation  of  this  tract  in  the  rubbee  season,  because 
the  Ramgunga  is  unable  to  supply  the  full  demand,  and  because  the  want 
is  shown  by  experience  of  rain-fall  in  the  last  two  years  to  be  even  more 
ar^t  in  Bijnour,  Moradabad,  and  Budaon,  than  in  the  Districts  on  the 
right  bank  of  the  Oanges. 

The  total  area  irrigable,  then,  from  the  Eastern  Ganges  Canal  alone,  be« 
rag  shown  to  be  8,152  square  miles  (or  2,016,000  acres)  in  extent,  half  (or 
1,008,000)  must  be  considered  irrigable  in  rubbee  and  half  in  khureef.  The 
duty  in  rubbee  looked  for  by  Government  of  India  is  200  acres  per  cubic  foot, 

and  the  proportion  which  it  is  desired  to  irrigate  everywhere  is  one-fourth  of 

1  008  000 
the  area  under  cultivation ;  therefore  -^ — ^  =  1,260  cubic  feet  a  second 

of  discharge,  will  be  requisite  to  fulfil  the  conditions ;  and  this  amount 
we  must  be  permitted  to  take  from  the  rubbee  supply  of  the  Ganges  when 
the  right  bank  is  getting  its  6,500. 

But  for  the  khureef  our  supply  is  happily  larger.  The  Ganges  rose 
this  year  at  Asufghur  on  17th  May  to  18,846  cubic  feet:  it  rapidly  in- 
creased to  three  times  that  amount,  and  early  in  October  the  volume 
was  over  65,000  cubic  feet. 

So  there  is  as  much  as  we  want  available  for  the  whole  season  of  rice 
hrrigation,  which  may  be  taken  from  25th  May  to  80th  September.  It 
would  be  unwise  to  neglect  this  benefit  in  a  country  peculiarly  adapted  to 
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the  caltiration  of  rice,  irhich  already  is  the  favorite  staple  and  chief  arti- 
cle of  food  in  Bijnour ;  it  is  therefore  proposed  to  proTide  for  a  supply 
of  4,500  cubic  feet  a  second  in  the  khureef.  The  Government  of  India 
proposes  100  acres  as  the  khureef  dutv  of  a  cubic  foot  of  water;  bat  we 
cannot  attain  those  results  vrhen  rain-  fall  is  so  light  as  in  the  districts 
under  consideration,  and  75  acres  per  cubic  foot  is  quite  the  outside  duty 
irhich  is  possible  in  this  case,  supposing  an  average  variety  of  khureef 
produce  to  be  grown.  To  irrigate  one>fourth  of  the  area  at  this  rate, 
would  require  3,^60  cubic  feet ;  but  we  have  taken  a  lar^r  quantity,  first, 
because^  if  a  larger  proportion  of  rice  is  actually  grown,  the  duty,  as  our 
experience  shows^  will  be  much  Z^;^  than  75  acres  per  cabic  fx^t,  and  fur- 
lher»  because*  on  the  design  adopted,  the  enlargement  of  volume  only 
affects  the  CQ«t  of  the  canal  in  respect  of  earthwork,  and  of  the  masonry 
wvrks  i'u  the  first  Sv^  miles:  as  below  that  point,  the  main  canal,  as 
kenMiler  ej^plained*  is  a  khureef  canal  only,  with   very  f^w  masonry 

Ih*  «k$igcu  thesu  submitted  for  sanctioa  »  for  a  canal  carrying : — 
K:ti^6«(e..  ..  .,  ..  ..  ..         1.25<}  ira^ic  f«c 

EiBTCtf^  ,.  ..  ..  43X>    iits?. 

1W  w«»rk  wonk: — 

c  ft      Duct.    K&.  Sa. 

EbBTtef.  ..        4JW  X    r>  X    2^        =  rj-^JTS 

AH  :^  pier  «nu  aoMiIai&KMk.  =     itfJ'SQ 


IW  wi^  &tet  a&MOM  »  7«i:i3^iHa  %k  c  (ree«aa«  ^axsn  3^  a  fxn&K 

«^tfa  ponniaK  irr  -^  w>jcs£w  ex^«i2S«i^'*' 

Tbt  4SQ3mttak»£  ws«  it  7p?wc«  »  Rs^  rT.5i^  Jc<f^  wg.S.'tk  iws  3»rc  inrrrni>* 

jia»L     I  w>}uii£  :»£}  i*l  Ji^at^  5.*c  .m:'£iiiy  ac&i  It  jikib»  5:r  irrs'-^noif.  won^o. 

teuBMfi  ^c  Ibuba. 

ftitipwwsgi^  stauuiai  ^  liiifem' ac  ^  Shanwot^"  w^ir?9  ^  MtuBfr 


itfiiitt 
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flnlst  higher  up,  Hiere  is  no  place  where  the  climate  allows  people  to 
Roiin  ill  the  year,  &s  tliej  do  at  Shampore,  to  the  number,  it  is  said,  of 
liioat  lOO. 

From  a  head  bo  placed,  the  water/  after  passing  through  one  mile  over 
W  feet  of  digging,  three  miles  over  50  feet,  and  one  over  40,  comes  to 
tkenirfftce  of  the  ground  about  the  21st  mile,  and  commands  the  whole 
of tiie  irrigable  area  of  the  conntrj.  At  the  30th  mile  the  difficulties  are 
It  in  end. 

In  ibis  distance,  five  hill  torrents  are  encountered,  none  of  considerable 
kngth  of  conrse,  or  very  large  volume,  and  all  running  on  boulder  bedf. 
It  is  proposed  to  divert  the  first  two  away  from  the  canal,  to  pass  the 
two  next  over,  and  the  fifth  under  the  canal.  With  boulder  foundations 
indboalders  to  famish  stone  and  lime,  these  works  will  not  be  expensive. 

Al  the  30th  mile  the  canal  hitherto  undivided  will  break  into  three — 

1.  The  left  perennial  channel  carrying  . .  . .         992  cubic  feet 

2.  The  right  perennial  channel  carrying  . .  . .         235       „ 
i    The  main  (khurecf )  canal  carrying              . .             . .      2,946       „ 

It  will  be  seen  that  the  capacity  of  1  and  2  equals  the  whole  rubbee  volume ; 
no  water,  therefore,  will  pass  down  the  main  canal  below  the  30th  mile, 
excepting  during  khureef. 

The  rubbee  {irrigation  will  be  carried  out  from  the  perennial  branches 
with  the  help  of  minor  Kajbuhas,  one  for  each  minor  **  Doab,"  as  shown 
in  map  {Plate  V.)  accompanying.  And  the  khureef  irrigation  will  be 
afforded  by  the  same  channels ;  with  this  difference  only,  that  as  in  khur- 
eef the  expenditure  of  water  per  hundred  acres,  and  therefore  per  mile  of 
channel,  is  more  than  double  the  expenditure  in  rubbee,  it  is  requisite  to 
re-inforce  the  perennial  channels  from  time  to  time  by  feeders  taken  from 
the  main  channel,  which  during  khureef  will  be  running  full.  The  main 
channel  is  thus  a  large  supply  channel  only,  dry  during  the  rubbee  season. 

It  is  proposed  to  have  no  bridges  on  the  main  canal  below  the  30th 
mile,  sare  where  it  is  traversed  by  district  or  imperial  roads,  and  to  make 
ill  the  works  of  an  inexpensive  character:  paved  inclines  in  dry  season, 
and  ferry  boats  in  rainy  months  will  accommodate  the  scanty  traffic  on 
purely  village  roads. 

The  perennial  and  minor  channels  will  have  a  fair  proportion  of  bridges, 
and  be  finished  canals. 

It  is  proposed  to  have  no  navigation  from  the  heads  to  the  crossing  of 
the Nnjeebabad-Bijnour  road  at  about  the  29th  mile;  as  the  fall  being 
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rapid,  many  locks  wonld  be  requisite,  and  little  else  could  enter  the  Canal 
but  timber,  which  may  find  its  way  down  the  Ganges. 

And  from  the  30th  mile  downwards,  it  is  proposed  to  have  only  one 
navigable  channel,  viz  ,  the  ChundoWsee  perennial  line,  which  will  connect 
Nugeenah,  Nujeebabad,  Bijnour,  and  Amroha,  with  that  important  mart 
As  there  is  an  average  fall  of  two  feet  per  mile  all  down  the  country,  the 
saving  of  large  numbers  of  locks  on  other  channels  will  be  a  very  consi- 
derable item. 

Navigable  junctions  from  Chundowsee  to  Moradabad,  and  Chundowsee 
to  C-anal  Dam  at  Bajghat,  are  contemplated  but  not  yet  investigated. 
Below  Chundowsee,  on  the  line  of  perennial  canal,  there  will  not  be  suf- 
ficient water  for  navigation. 


Oovemment  of  India^  P,  W,  Department,  (Irrigation,)  ISth  March,  1870. 

The  Chief  Engineer  now  proposes  to  fix  the  volume  of  the  canal  at 
1,250  cubic  feet  per  second  in  the  cold  weather,  and  ^,500  cubic  feet  in 
the  rains.  He  has  calculated  the  supply  of  water  required,  by  taking 
one-fourth  the  whole  actual  area  commanded  by  the  canal  as  the  proper 
proportion  to  which  the  means  of  irrigation  should  be  given,  and  by  assum- 
ing that  the  area  of  khureef  and  rubbee  crops  irrigated  should  be  nearly 
equal.  As  the  whole  area  is  somewhat  over  two  millions  of  acres 
(2,016,000),  this  gives  252,000  acres  as  the  computed  area  of  each  crop 
to  be  irrigated  ;  and,  allowing  200  acres  per  cubic  foot  for  the  rubbee,  and 
75  acres  for  the  khureef,  the  discharge  required  in  the  two  seasons,  namely, 
1,260  and  8,860  cubic  feet  per  second  is  arrived  at.  But  as  it  is  expected 
that  a  large  proportion  of  the  khureef  crops  irrigated  will  be  rice,  it  is 
considered  advisable  to  reckon  on  a  lower  duty  than  the  above  from  the 
water,  or  what  is  the  same  thing,  to  allow  a  larger  supply  for  the  given 
area.  The  quantity  considered  suitable  by  the  Chief  Engineer  is  4,500 
cubic  feet,  which  gives  56  acres  per  cubic  foot. 

The  anticipated  returns  are — 

Kubbee,  ..  ..  1,260  x  200  X  1-9  =  4,75,000 
Khureef,  . .  4,600  x  76  x  225  =  7,69,875 
Miscellaneous,      ..  ..  ..     98,750 

18,88,126 
If  56  acres  only  were  irrigated  by  each  cubic  foot  of  the  khureef  supply, 
it  may  be  concluded  that  a  proportionally  higher  water-rate  would  be 
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Mti,ind  that  the  ^ross  return  would  not  be  affected.  It  is  eatimated 
ttittbiidditioiial  landlord  rate,  which  would  be  levied  from  the  irrigat- 
iltadi,  woald  snCBce  to  coTer  the  cost  of  maintenanee.  The  above  would, 
Moni  repreaeiit   tbe    oltinuite  net  income  to  be  obtained  from  the 

eml. 

Dm  eitimata  of  cost,  as  now  anbmitted,  amonnte  to  Bs.  77,82,856, 

(£778,285),  not  including  oatlaj  on  mill-hoofies  and  plantations,  nor  ap- 

piraitly  on  navig^ation  works,  from  which  the  additional  income  of  nearly 

QAB  likh  of  rupees  is    to  be  deri?ed.    Allowing  for  these  omissiona  ap« 

piraitly,  lU.  90,00,000   (£900,000)  are  taken  as  the  total  probable  cost 

of  the  works. 

lliere  does  not  appear  to  be  any  provision  for  disposing  of  local  drain- 

ige  below  the  30th  mile  of  the  main  channel,  though  it  is  certain  that  a 

tonadenble  outlay  would  have  to  be  incurred  for  this  purpose  if  the  pro- 

poted  designs  were  adopted,  since  all  the  drainage  and  surplus  irrigation 

vater  from  the   fields  between  the  main  lines  and  the  proposed  east  and 

veii  robbee  canals,  would  have  to  be  passed  across  the  latter.     Allowing 

for  those  omissions  it  may  not  be  unreasonable  to  suppose  that  the  cost 

of  the  works  might  reach  £1,000,000.     The  net  income  would  be  18^ 

per  cent,  on  the  capital,  which  in  a  general  way  is  quite  satisfactory. 

Bat  His  Excellency  the  Oovemor-Gkneral  in  Council  is  not  satisfied 
that  the  proposed  method  of  dealing  with  the  distribution,  by  means  of 
ieptrate  channels  for  the  rubbee  or  permanent  supply,  and  the  khureef 
or  intermittent  supply  is  the  best  possible.  Apart  from  the  objection 
iboTe-mentioned,  which  is  a  serious  one,  and  calls  for  special  explanation 
tB  to  the  proposed  manner  of  dealing  with  the  intercepted  drainage  of  the 
tnwt  between  the  canals,  the  Governor- General  in  Council  doubts  the 
expediency  of  the  general  system  proposed.  At  all  events  no  attempt  has 
been  made  to  prove  that  it  is  the  most  advantageous,  and  in  so  important 
&  matter  His  Excellency  the  Governor-General  in  Council  cannot  accept 
Tecommendations  of  the  local  Engineers  which  are  not  supported  by  any 
wgnment  or  proof. 

What  they  suggest  is  to  provide  a  special  series  of  channels  able  to 
^^  about  1,250  cubic  feet  per  second,  and  another  set  to  carry  3,000 
cubic  feet. 

^om  the  head  to  the  SOth  mile  there  is  to  be  a  single  channel,  and  no 
femtrk  is  called  for.     At  this  point  the  canal  divides  into  three.    The 
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centre  line  is  to  carry  the  khureef  snpply  only,  2,946  cubic  feet,  the  side 
channels  235  cubic  feet  and  992  cubic  feet,  respectively,  or  together  1,227 
cubic  feet,  which  is  the  rubbee  or  permanent  supply.  The  differences 
between  the  above  and  the  full  Tolumcs  1,250  and  4,500  cubic  feet,  are  to 
be  used  above  the  dOth  mile. 

Now,  it  seems  to  His  Excellency  the  Governor- General  in  Council  that 
a  channel  that  will  carry  1,227  cubic  feet  may  quite  easily,  and  with  com- 
paratively small  extra  expense,  be  made  to  carry  double  that  volume,  say 
2,500  cubic  feet  per  second,  so  that  the  supplementary  channel  need  only 
be  made  to  carry  1,700  cubic  feet,  instead  of  2,900  cubic  feet.  A  little 
addition  to  the  rubbee  channel  would  apparently  admit  of  its  carrying  the 
whole  of  the  supply  proposed  to  be  put  into  the  khureef  canal,  say  3,000 
cubic  feet,  leaving  1,500  only  for  the  supplementary  line. 

It  apj)ears  to  His  Excellency  in  Council  that  if  this  course  were  fol- 
lowed, the  canal  could  be  constructed  in  the  ordinary  way  on  the  proper 
water-shed  of  the  country,  the  permanent  canal  taking  the  line  proposed 
for  the  khureef  canal.  Thus  all  interference  with  the  natural  drainage 
would  be  avoided,  which  the  Governor-General  in  Council  considers  to  be 
of  the  most  essential  importance. 

The  supplementary  khureef  supply  could  be  arranged  hereafter,  per- 
haps to  some  extent  on  the  plan  now  proposed  for  the  rubbee  supply.  But 
His  Excellency  in  Council  is  strongly  inclined  to  have  the  works  carried 
out,  in  the  first  instance,  on  the  basis  of  a  single  line  of  canal  to  carry 
1,250  cubic  feet  per  second  as  a  permanent  supply,  giving  it  as  much  ad- 
ditional capacity  as  can  be  conveniently  and  economically  arranged,  and 
leaving  the  additional  khureef  snpply,  in  excess  of  the  quantity  that  can 
be  carried  by  the  main  canal,  to  be  dealt  with  separately  hereafter. 

Various  ways  of  doing  this  might  be  suggested.  One,  which  seems 
quite  feasible,  is  to  turn  the  extra  supply  into  the  Ban  or  Gangan,  and 
let  it  find  its  own  way  down  the  country,  passing  it  into  some  of  the  other 
drainages  and  having  suitable  weirs  on  those  drainage  lines  to  admit  of 
its  being  taken  out  again  at  convenient  places  for  irrigation.  It  is  pro- 
bable that  all  that  is  needed  could  be  done  in  some  such  way  without  any 
interference  with  the  surface  drainage.  It  is  understood  that  the  rivers 
^lentioned  are  not  in  deep  beds,  at  least  as  far  down  as  Moradabad,  and 
would,  it  is  believed,  be  quite  manageable  in  the  way  suggested. 

On  the  whole,  unless  it  can  be  proved  that  a  very  distinct  advantage 
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looldbe  gained  by  tbe  use  of  the  donble  set  of  channels,  His  Excellency 
b  Cooncil  will  prefer  the  adoption  of  the  more  common  plan  of  distribu- 
tion of  the  water,  wliicli  will  certainly  be  under  more  complete  command, 
fitlwiit  risk  of  injury  to  the  country  by  obstructing  the  drainage, — a 
nskirbich  in  the  tract  in  qaestion  seems  to  be  unusually  great. 

I  tm  furtlier  to  request  that,  on  the  re-submission  of  the  estimates 
viditbe  emendations  now  suggested,  information  may  be  furnished  as  to 
the  general  condition  of  the  drainage  of  the  districts  to  be  influenced  by 
the  Eastern  Ganges  Canal ;  and  that  it  may  be  shown  that  the  effect  of 
ibe  canal  water  upon  it  has  been  fully  considered  and  provided  for  to  a 
niiable  extent  in  the  estimates. 


Chief  Engineer  (Irrigation)^  N.  W.  Provinces,  16th  July^  1870. 

Capacity  of  Canal  System.-^K  maximum  monsoon  supply  of  4,500 
cubic  feet  was,  and  is  yet,  recommended,  because — 

1.  It  is  easily  available. 

2.  Because  if  much  rice  is  grown,  as  is  in  every  way  probable,  the 

duty  obtained  per  foot  of  water  will  in  this  region  of  sand  and 
light  loam  be  so  much  less  than  the  standard  of  the  Govern- 
ment  of  India  as  to  employ  the  greater  quantity  proposed, 
even  though  the  proportion  of  land  irrigable  every  year  be 
estimated  at  one-fourth  only  of  the  whole  culturable  area. 
The  Grovemment  of  India  appears  to  consider  the  duty  which  the  mon- 
soon supply  of  water  would  render  under  these  conditions,  viz.,  56  acres  per 
foot,  to  be  too  little,  and  directs  the  adoption  of  3,000  cubic  feet  as  the 
limit,  giving  a  duty  of  84  acres  per  foot. 

On  three  additional  considerations  I  would  earnestly  recommend  that 
the  volume  of  water  originally  proposed  be  not  diminished. 

First. — That  the  assignment  of  one-fourth  of  cultivated  or  culturable 
area  as  the  limit  of  yearly  irrigation,  is  an  estimate  of  the  amount  requi- 
site to  save  a  country  from  famine ;  but  it  is  quite  fallacious  as  an  indica- 
tion of  the  wants  of  the  people.  On  the  Ganges  Canal  there  never  yet 
has  been  a  sufficiency  of  water  anywhere  to  meet  all  demands ;  but  the 
folloiflng  figures,  relating  to  the  Eastern  Jumna  Canal,  where  water  is 
frsther  more  abundant,  (which  are  extracted  from  the  Census  Report  of 
North- Western  Provinces  as  regards  areas,  and  from  the  Canal  Revenue 
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Report  as  regards  areas  irrigated  in  1868-69,)  shows  what  people  will 
irrigate  when  they  get  a  chance  :— 


PergumaliB. 


Abea  in  Aobbs. 


rCnltiTated.    CaniJUhrriga- 


Pcr  cent  of  Canftl  irrig*- 
Uon  to  Caltiration. 


Sahanmpore, 
Rampore,  • 
(^hamlee, 
Eandla,  • 
Chaprowlee, . 
Barote, 
Baghput, 


58,240 

33,782 

68.880 

42,904 

45,440 

10,680 

49,920 

25,857 

37,120 

17,206 

89,040 

27,058 

96,640 

27,238 

57  per  cent 

72  „ 

23  „ 

53  ,. 

46  „ 

69  „ 

28  „ 


N.B, — It  is  only  in  Pergunnah  Rampore  that  rice  is  the  staple  of 
khureef  cnltiFation.  8agar  and  cotton  are  the  chief  produce  of  other 
pergonnahs.  The  Bijnour,  Moradabad,  and  Budaon  Districts,  traversed 
by  Eastern  Ganges  Canal,  grow  rice  and  sugar  already,  and  will  grow 
indigo,  the  people  say,  when  they  get  water. 

In  certain  pergnnnahs  in  which  well-irrigation  is  most  largely  and 
successfully  practised,  80  per  cent,  of  cultivated  land  is  irrigated  annually. 
There  seems  to  be  no  good  reason  why  canal-irrigation  should  not  attain 
the  same  development  when  water  is  abundant,  and  then  what  shall  we  do  if 
the  masonry  works  of  the  canal,  for  which  4,500  cubic  feet  a  second  is 
easily  available,  have  limited  supply  to  3,000  cubic  feet  ? 

Second, — That  the  loss  of  volume  from  percolation  on  the  Ganges  Canal 
appears  at  this  moment  to  be  not  less  than  30  per  cent,  on  discharge ; 
that  canal  passes  through  but  a  few  miles  of  hhoor  land,  which  on  the 
Eastern  Ganges  is  the  staple. 

The  oversight  of  this  point  was  an  omission  in  the  first  report,  which 
I  am  most  anxious  to  rectify,  as  it  is  a  consideration  of  the  saddest  im- 
portance. This  reduction  would  make  available  supply  3,150,  which 
agrees  practically  with  the  Government  of  India  limit.  The  Ganges 
Canal  has  now  been  sixteen  years  at  work,  without  the  leaks  which  so 
impoverish  it  being  discovered  and  staunched  either  naturally  or  artificial- 
ly. No  doubt  percolation  will  diminish  in  process  of  time,  and  in  that 
period  we  may  fairly  reckon  that  a  demand  will  arise  for  Eastern  Ganges 
Ganal  water,  which  will  fully  tax  4,500  cubic  feet. 

Thirdly. — ^A  flaw  has  been  found  in  the  scheme  for  making  the  canal 
from  the  Ramgunga  independent  of  the  Eastern  Ganges  Canal.    Rising 


KJL8TBBV   OlirOlS  CASAL.  47 

\^^(aUt  Hhnal&y  an  Rmng^es,  and  reoemng  no  snow  wmier,  tke  monsoon 

Tte  of  ihe   Rmm^cui^a   does  not  swell  nntil  local  rmins  fall  (or  not), 

utt^e  between  20tli  June  «od  the  18tli  Angost,  too  late  to  assist  the 

fRpin^n  and  sowing  of  indigo  and  rice  crops,  and  useless,  of  oooise,  for 

^growth  of  su^mr. 

U  iiil\,  therefore^   be  the  cheapest  plan  to  giTe  the  Ramgnnga  Canal 

iboTeite  crossing  of  the    Crangan  a  capacity  regnlated  bj  the  arailable 

nWbeesapply,  which,  ms  hcfore  proposed,  will  be  applied  to  the  whole  length 

of  the  canal,  a  Teqniremeiit  which  it  can  fairly  meet.     The  npper  part  of 

this  cuial,  down   to   the    (Hngan,  filled  from  the  Ramgnnga,  will  carrj 

kkureef  supply  for  ih&t  length  onl j ;  the  lower  section,  from  the  Gangan 

downwards,  mnst  be   sapplied  by  a  channel  from  the  Amroha  Branch  of 

the  Eastern  Ganges  Canal,  which  can  be  carried  at  the   requisite  leve^ 

pinllel  to  the  Moradabad  road.    This  will  abstract  700  cnbic  feet  of  khnr- 

eef  supply  frona  the  main  canals. 

It  may  be  thought  that  too  much  has  been  proved,  and  that  4,500 
CQbic  feet  now  appears  to  be  too  small  a  qnantity.  I  mast  admit  it  is  so, 
bat  the  Ganges  gauge  returns  at  Asufnnggar  show  it  as  much  as  we  can 
depend  upon  getting  in  time  for  indigo  and  rice  sowing :  and  the  Tolnme 
obtainable  for  sowing  <»peration8  is  enough  for  further  cultiration.  There- 
fore, I  would  limit  the  capacity  of  canal  to  4,500  cubic  feet  as  designed. 

Mr.  Parker  arrives  at  the  same  recommendation  of  4,500  cubic  feet, 
bj  considering  that  one-third  of  the  cnltirated  area  requires  water 
•anaally. 

DistribuHon. — 'His  Excellency  was  not  satisfied  that  the  proposed 
method  of  dealing  with  the  distribution,  by  means  of  separate  channels 
for  the  rubbee  or  permanent  supply  and  for  the  khnreef  or  intermittent 
lopply  IB  the  best  possible,  and  it  is  remarked  that  whilst  the  Local  £n« 
gineers  do  not  support  their  recommendations  by  argument  or  proof,  the 
idieme  is  liable  to  objection  as  causing  interception  of  drainage,  and  His 
Excellency  is  strongly  inclined  to  have  the  works  carried  out  in  the  first 
instance  on  the  basis  of  a  single  line  of  canal  to  carry  1,250  cubic  feet 
•B  a  permanent  supply,  with  as  much  additional  capacity  as  can  be  oon- 
Teniently  and  economically  arranged,  learing  the  balance  of  khureef  supply 
to  be  dealt  with  separately  hereafter. 

Engineers  are  agreed  that  the  monsoon  supply  of  a  canal  in  the  North- 
Western  Proyiuces  cannot  couTeniently  be  much  more  than  double  the 


48  EASTERN    OAMQES   CANAL. 

dry- weather  supply.  Such  a  canal,  therefore,  as  is  here  proposed  by  the 
Government  of  India,  would  carry  1,250  and  2,500  cubic  feet  in  the 
Beyeral  seasons.  This  plan  of  distribution,  it  is  said,  will  bring  the  water 
of  the  canal  under  more  complete  command  than  that  proposed  by  the 
North- Western  Provinces  Government. 

It  is  observed  that  a  little  addition  to  the  rubbee  canals  as  designed 
to  carry  severally  (now)  710  cubic  feet  and  235  feet  (not  1,227  cubic  feet 
collectively)  would  enable  them  to  carry  3,000  cubic  feet,  leaving  1,500 
only  for  a  supplementary  line;  but  whereas  the  bed  of  the  710  cubic  feet 
mbbee  channel  into  which  only  5  feet  depth  of  water  enters  at  natural 
flow,  is  but  43  feet  wide ;  the  khureef  supply  of  3,000,  though  running 
9  feet  deep,  requires  a  bed  105  feet  wide  at  bottom.    The  latter  is  a  canal, 
the  former  are  but  rajbuhas.     It  does  not  appear  possible  to  accommodate 
Buch  different  volumes  in  the  same  bed  ;  the  rubbee  supply  in  the  larger 
bed  would  be  but  a  foot  deep,  and  would  very  soon  be  lost  by  percolation. 
It  is  held,  I  believe,  by  some  authorities  that  the  right  system  in  such  a 
case  18  to  dam  up  the  rubbee  water  in  the  large  channel  until  it  attains  a 
depth  approaching  that  of  khureef  supply,  and  of  course  commands  all 
irrigation  outlets,  and  when  the  tract  thus  commanded  is  watered,  to  re- 
move the  dam  lower  down,  and  thus  carry  a  full  supply  step  by  step  down 
the  canal.     This  may  be  practicable  enough  in  deltaic  regions,  where  there 
is  practically  no  slope,  and  the  lowering  of  a  gate  6  feet  deep  raises  the 
depth  gf  water  in  a  canal  to  6  feet  for  40  miles  back ;  but  in  the  project 
we  are  dealmg  with,  the  proposed  slope  of  bed  averages  upwards  of  2  feet 
a  mile,  so  that  water  could  only  be  raised  from  1  to  6  feet  in  depth  by  having 
a  stop  dam  at  every  two  and  a  half  miles,  or  practically  just  below  each 
irrigation  outlet     Obviously  a  canal  270  miles  long  cannot  be  thus  dealt 
with,  the  crops  would  wither  before  their  turn  for  another  watering  came 
round.     Moreover,  the  rubbee  canal,  designed  to  carry  710  cubic  feet  when 
fall,  costs  in  Northern  Division  an  average  of  Rs.  1,954  a  mile  :  the  khur- 
eef canal  discharging  3,000  cubic  feet  at  mile  29,  costs  from  that  point 
to  the  limit  of  Northern  Division  but  Rs.  2,545  a  mile,  showing  how  cheap 
is  the  cost  of  the  unbridged  supply  canal  in  comparison  to  the  finished 
expense  canal,  even  though  the  latter  will  be  very  cheaply  constructed. 
If  the  large  canal  were  made  perennial  and  the  small  intermittent,  the 
comparative  cost  would  be  very  different. 

Mr.  Parker  puts  this  part  of  the  case  very  clearly  as  follows :— 
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"It  Wis  necessary  in  projecting  the  Eastern  Ganges  Canal  to  maintain 
iconsUnt  head  (we  had  only  one-fourth  of  the  khareef  supply  during 
nbbee)  and  to  economize  it,  in  order  to  let  the  water  perrade  all  the 
inigition  lines  as  quickly  as  possible,  and  lose  as  little  as  possible  by  ab- 
loiption  and  evaporation,  especially  by  the  former,  in  the  many  sandy 
tncU  the  canal  passes  th rough. 

''All  this  is  done  by  the  system  adopted.  The  constant  head  is  main- 
tained at  the  first  weir  dam  at  the  29th  mile.  The  rajbnhas  are  made  to 
carry  the  whole  rnbbee  supply.  This  is  sent  down  the  various  lines  at  a 
moch  greater  velocity  than  it  could  be  sent  down  the  main  canal,  with  a 
greater  depth  than  could  be  maintained  in  the  canal,  and  in  the  most  direct 
waj,  instead  of  indirectly,  as  it  would  be  by  going  down  the  canal,  and 
tbeoce  by  feeders  into  the  irrigating  lines.  The  results  are  these :  — Irri- 
gation is  more  quickly  effected,  absorption  and  evaporation  reduced  to  a 
ninimam ;  growth  of  weeds  and  water-grasses,  which  would  occur  if  a 
inpply  of  small  depth  went  down  the  canal  at  a  low  velocity,  prevented ; 
much  repair  and  maintenance  expenditure  avoided,  and  what  is  necessary, 
midered  easily  applicable." 

Mr  Parker  also  urges  reasonable  objection  to  the  proposal  of  throwing 
the  surplus  khareef  supply  into  the  Ban  or  Gangan,  or  other  drainage 
lines  as  follows  :— 

"  With  regard  to  the  East  Rohilcnnd  Canals,  the  system  has  been  to 
take  possession  of  a  nuddee  in  which  there  is  constantly  some  water,  to 
dam  this  up  at  intervals,  and  to  take  out  irrigating  lines  from  each  dam. 

"  The  results  are  these : — The  Rohilcund  Canals  have  been  quite  a 
fiulure  from  the  essential  fact  that  water  is  taken  out  from  the  nuddees 
which  occupy  the  lowest  points  of  the  country,  and  can  only  water  the 
adjacent  low  lying  lands,  without  being  able  to  touch  the  higher ;  so  com- 
pletely has  the  mistake  been  realised  that  the  whole  of  the  East  Rohilcnnd 
Canals  are  now  undergoing  either  revision  or  remodelling. 

Drainage. — Regarding  the  obstruction  to  drainage,  which  is  anticipated 
by  the  Government  of  India  to  result  from  the  mode  of  construction  here- 
in proposed,  the  Superintending  Engineer  obserres  : — "  The  chief  feature 
of  the  Doab  we  are  dealing  with  is,  that  it  is  drained  by  a  system  of 
natural  lines  between  which  are  yery  narrow  strips  of  country,  as  will 
«««ily  be  seen  by  a  reference  to  the  sketch  maps  accompanying  the  project. 
Tlic  names  of  the  principal  drainage  lines  beginning  at  that  furthest  north. 
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are — the  Rohasan,  Peli-ki-Rao,  Ehatawala  Ehalia,  Jakran,  Malin,  and 
Chain  Nuddees,  all  of  which  are  crossed  by  the  canal,  and  the  Ban,  the 
Gangan,  and  Karula  Nuddees  in  the  northern  half  of  the  Doab,  and  the 
Choja,  Sot,  or  Yarwafadar,  and  Aril  Nuddees  in  the  lower  half,  between 
which  the  canal  and  irrigating  lines  will  run  on  the  water-sheds.  After 
once  passing  the  first  group  of  nuddees  abo7e-mentioned,  no  further 
drainage  lines  require  to  be  crossed.  This  is  a  fact  of  considerable  im- 
portance, and  one  to  be  coupled  with  that  of  the  narrowness  of  each  strip 
of  country  lying  between  two  rivers,  and  to  be  remembered  when  consider- 
ing the  question  of  drainage  in  connection  with  irrigation. 

''The  main  canal  and  its  two  branches  run  on  water-sheds,  and  will 
throw  off  the  drainage  towards  the  irrigating  lines  next  to  them.  Such 
drainage  will  pass  under  these  lines  and  will  be  arranged  for  when  more 
minute  surveys  of  the  country  have  been  made.  The  feeders  will  intercept 
the  longitudinal  drainage  of  the  country,  but  this  can  also  be  passed  under 
the  irrigating  lines  and  thence  into  the  nuddees.  Provision  for  this  can 
also  be  made  when  the  country  has  been  better  surveyed.  Tiiis  survey 
could  go  on  while  the  canal  works  are  being  executed,  and  estimates  from 
time  to  time  prepared  and  submitted. 

"  1  believe  it  will  be  found  that  very  little  drainage  work  will  be  re- 
quired. Besides  the  favorable  feature  before  described  of  the  Bamgunga 
Doab,  when  it  is  itself  traversed  in  all  directions  by  our  irrigating  line- 
feeders  and  minor  rajbuhas,  and  by  the  innumerable  water-courses  which 
the  agriculturists  themselves  must  make  for  irrigating  their  lands^  the 
surface  of  the  country  will  be  so  cut  up  into  small  areas,  that  each  area 
will  retain  or  consume  most,  if  not  all,  of  the  rain-fall  upon  it,  and  works 
will  not  be  required  for  draining  it.  Much  of  the  country  is  sandy,  and 
will  absorb  water  to  a  large  extent.'* 

Detailed  surveys  will  probably  show  that  no  system  of  drainage  can 
advantageously  be  laid  out  until  irrigation  is  developed,  and  that  the  chan- 
nels requisite  will,  from  the  causes  narrated  by  Superintending  Engineer, 
be  very  short  and  minute.  There  will  be  no  difficulty  in  making  them. 
The  sandy  bhoor  soil  traversed  by  the  canal  is  particularly  absorbent  and 
permeable,  and  it  is  probable  that  surplus  irrigation  water  will  rapidly  pass 
off  into  drains  judiciously  arranged.  But  it  is  certain  that  where  springs 
are  not  very  near  the  surface,  the  soil  will  not  readily  acknowledge  a 
sorplos. 
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Fiom  the  57tli  to    97tK    Tniles  on  the  section  of  main  canal,  water  is 
found  within  10  feet  of   tlie  Bar  face.    A  correspondence  occurred  between 
Gbirf  ind  SnpcTlntending    Engineer  on  tlie  question  whether  tliis  tract 
fodd wt do  better  iw^itli  ^wrell  than  with  canal  irrigation;  but  it  is  found 
tbtthewiierbeaTuag  Bnrface  affords  but  a  very  scanty  supply.     Wells 
fitlioQt  Vming  can  easily  be  sunk  in  this  tract,  but  if  a  large  demand  be 
Dide  upon  ibem  by  tbe  use  of  any  machine  of  more  power  than  the  dhen- 
\k  (an  eartbem  jar  worked  by  the  weight  of  a  man  acting  on  a  balance 
beim),khey  at  once  give  ont  and  fall  in.     Wells  lined  with  timber  or  brick 
fire  no  better,  so  that  the  irrigation  resulting  from  the  wells  in  use, 
thottglithey  are  very  numerous,  is  very  trifling,  and  the  people  are  urgent 
bttkingfor  canal  water.      Great  care  will  be  requisite  in  dealing  with  the 
irrigation  of  this  tract.      The  first  effect  of  the  construction  of  the  canal  will 
be  to  drain  tbe  country  ;  the  next,  when  supply  is  admitted,  to  raise  the 
loriace  of  water  in  tbe  wells  and  increase  their  volume :  it  will  probably  be 
necessary  to  do  one  of  two  things,  either  to  drain  this  part  of  the  country, 
ind  introduce  canal-irrigation  with  a  sparing  hand,  or  to  let  well-irriga- 
tion go  on  on  the  larger  scale  which  will  then  be  practicable,  without  fur- 
ther aid  from  tbe  canal  than  percolation  affords.     This  question  must  be 
left  to  be  dealt  with  when  mature.     The  map  shows  the  drainage  will 
be  very  easy. 

Gcvtmment  of  India,  P.  W.  Department^  (Irrigationy)  7th  March^ 
1871,  did  not  acquiesce  in  the  conclusion  that  the  system  of  separate 
channels  for  the  conveyance  of  Khureef  and  Rubbee  supply,  respectively, 
Bttisfactorily  overcomes  the  difficulty  of  dealing  with  the  two  different 
volumes  of  water.  Other  arrangements  were  suggested  :  the  main  feature 
of  which  consisted  in  separating  the  project  into  two  distinct  portions ;  and 
providing  for  the  irrigation  of  the  upper  portion  of  the  Doab  (which  is 
less  than  one-fourth  of  the  whole  area)  by  a  distinct  main  canal  of  small 
dimensions. 

The  principle  of  substituting  short  distribution  channels  whose  khur- 
eef capacity  would  in  most  instances  be  suitable  for  the  rubbee  supply, 
(which  must,  under  any  circumstances,  be  distributed  by  rotation,)  was 
considered  to  OTcrcome  the  difficulty  of  dealing  with  different  volumes  of 
of  water  during  the  respective  seasons  of  cultivation,  and  to  interfere  in 
the  least  possible  degree  with  the  natural  drainage  lines ;  a  matter  of  the 
greatest  importance. 
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By  dividing  the  irrigation  of  tlie  Ganges- Ramgunga  Doab  into  two 
distinct  series  of  channels,  the  lower  portion  of  the  project  as  submitted 
would  not  be  affected  as  far  as  the  main  lines  are  concerned,  that  is  to 
say,  from  the  Amroha  bifurcation  to  the  termini.  The  alignment  of  tbe 
first  15  miles  of  the  upper  channel  would  probably  remain  the  same,  but 
before  actually  laying  out  the  channel  further  investigation  would  be 
necessary,  of  the  possibility  of  reducing  the  quantity  of  deep  excavation 
encountered  between  the  3rd  and  7th  and  13th  and  20th  miles  of  the 
canal.  It  was  observed  that  a  fall  of  15  feet  is  allowed  between  the  point 
where  the  water  is  proposed  to  be  drawn  off  from  the  main  stream  of  the 
Ganges  and  the  artificial  head  of  the  canal,  a  distance  of  only  1^  miles : 
and  it  was  jsuggested  that  it  would  be  a  more  economical  plan  to  take  the 
head  of  the  canal  from  some  point  still  higher  up  the  river  so  as  to  enter 
on  the  high  land  with  a  moderate  cutting  of  from  15  to  20  feet.  It  was 
considered  that  if  this  was  feasible,  it  was  on  every  account  to  be  prefer- 
red ;  not  only  as  being  more  economical,  but  also  as  more  expeditions,  and 
reducing  the  necessity  for  employing  a  large  body  of  laborers  in  a  very 
unhealthy  part  of  the  country. 


Chief  Engineer  (Irrigation)^  N.  W,  Provinces^  26th  Oct.,  1871,  showed 
that  the  last  proposal — to  construct,  instead  of  one  continuous  canal,  two 
separate  canals,  with  heads  at  Shampore  and  near  Bijnour,  respectively*, 
was  inexpedient  on  Engineering  and  financial  grounds.  The  subject  was 
re-investigated  by  Mr.  Parker,  and  by  Mr.  J.  W.  P.  Roberts.  C.E.,  Exe- 
cutive Engineer,  and  the  following  extracts  from  their  reports,  (with  the 
Chief  Engineer's  remarks  thereon^)  show  the  results  of  their  investigations. 
**  Mr.  Roberts'  note,  extracted  marginally  shows  that  the  position  of  the  head  of  the 

"When  the  Burvey  of  the  Eastern  Ganges  Canal  wujlrst  Eastern    Ganges    Canal   was 

commenced  (In  1868),  a  line  of  levels  was  taken  vid  Bijnour  to  vt^rv  fuTTtr   fr.naiA^-,^A    — .u 

Raolee  to  test  the  practicability  of  Uking  the  water  from  that  ^^^   ^"*v    consiaerea   when 

point.    This  idea  was  abandoned  because  it  was  found  that  such  the  surveys  were  commenced 

a  canal  would  not  water  the  Bijnour  District,  and  as  it  was  al-  •      ■,  ^^^  ra         a£a. 

ways  understood  that  it  was  a  tine  gtM  non  that  that  district  ^"   lObO-oy.       Alter   careful 

■hoold  be  irrigated,  we  proceeded  to  try  for  a  head  higher  up.  review  of  the  variona  alt^m«. 

First  Nagul  was  tried,  next  Asufgurh,  and  lastly  Shampore.  ^.  ^  v«riuuB  aii«rna- 

We  found  that  the  rise  of  the  river  is  small  up  to  Nagul,*  but    .  tives  and  examination  of  the 

•  F^iuoi-toN.^.th.ri«of  iSJL*c^mp1etS?y"chi5fg^':^     «<>°°*^'  ^  <^«rdially  agreed 

«!•  rlT«  Tariei  from  17  to  S  feet  per  there  the  boulder  bed  (vfith  with    Mr.    Parker  in    fixing 

^^'                                                  its  attendant  rapid  fall  and  i.i»      u     j      r    xu  i 

high  velocity  begins.    My  Progress  Report  for  December,  1868,  ^"^    °eaa  ot     the  canal    at 

gives  the  result  of  our  trial  levels  takon  for  the  Bijnour  line."  Shampore. 

The  new  proposal  to  estahlish  a  second  head  near  the  jonction  of  the  Malin  nnddee 
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liiliiieGaiiealias  been  investigated  wiih  great  care  and  fidelitj  by  Mr.  Roberts.  He 
^  ,-    ^  »^    »^^^  «  establishes   that   this 

Ittnetforagrapk*  15,  IC,  <»sm<  17  o^  Mr.  RoberUf  lUporL 


A  frf  ([cunl  remarIcA  on  tlie  proposed  Raol«e  Canal.  The  point  of 
^Dctn  «{ the  Malin  nud«(lee  mnlb  trhe  Ganires  is  in  many  resperta  a 
bfuiUe  Ate  for  a  weir,  ata  tfae  kbureef  bed  of  the  river  is  narrow 
ndtbeBttiDstTCam  nana  cIom?  to  tl&e  eastern  high  bank.  The  bed  ic, 
kBvent.comTioeedof  Tery  fine  6&nU — so  fine  that  it  iadifflcnlt  aod  al- 
MtdtapRoai  for  a  man  to  croee  it,  •»  the  fevt  sink. 

Tte  ktoiir  throof^h  which  tbe  eauaal  would  puu  for  many  miles  ia 
M  mj  (aTonbk,  being,  like  moet  other  parts  of  the  kbadir  of  the 
6iagei  river,  oompoaed  of  ^ery  floe  sandy  aoil  with  a  foot  or  so  of  alia- 
ikl  Nfl  <m  the  top.  Xeaur  Kaolee  tbe  Ganges  water,  althoofrh  not 
kriBf  ihi^h  velocity,  eata  with  apparent  ea«e  into  the  khadir  Und. 

Tie  tad  o(  the  canal  woald,  aui  'will  be  aecn  on  reference  to  the  longi- 
MfMl  Mtkn,  run  for  msmy  miles  rin  f«ct  nearly  the  whole  distance) 
kfevtbetpcing  krrel  Sf  tbe  country. 

Jfr.  Pwkn'i  ReaumM  {pageM  h  tmd  6  o/$ame  Boot,  (\Mt  Part). 

I  tttain  my  object  from  one  bead  inatead  of  two,  as  is  required  by 
tteHfw  Scheme. 

1  ntiUae  a  natnral  weir,  and  reqnire  no  artificial  one,  while  the 
XcvScbnserequirea  one,  if  not  two,  of  the  latter. 

I  take  my  whoVe  supply  from  the  river,  where  it  has  a  minimum  of 
■k  its  advantage,  according  to  pskragraph  ft  of  Preliminary  Obeerva- 
tioBtol  Oang^  Cantd  Committee  of  1866),  while  the  New  Scheme  takes 
tu  kn^  volume  from  a  i>oint  wbere  the  river  must  have  an  enormous 
auMont  of  tilt  daring  the  season  when  this  larger  volume  is  required 
to  enUf  the  canaL 

I  do  Dot  interfere  with  the  course  of  the  river,  which  the  New  Scheme 
dots  by  etiUblishing  one.  If  not  two  weirs. 

I  take  my  bead  at  the  highear.  possible  point  in  the  river,  wbere  it 
ksi  a  pomanent  boulder  bed,  not  liable  to  change,  while  the  yew 
Scheme  takes  the  head  for  the  larger  supply  in  the  khadir  which  is 
lisUe  to  change  at  any  time — a  fact  I  know,  not  only  from  my  own 
cxpenenoe,but  also  from  its  being  confirmed  by  paragraph  9  of  *'  Gang.es 
Canal  Committee's  i'reUminary  Remarks." 

I  carry  vrater  from  the  head  only  19  miles  without  irrigating,  while 
the  aevlj  suggested  line  cannot  irrigate  till  the  end  of  the  36th  mile. 

Having  to  withdraw  a  certain  quantity  of  water  from  a  river,  it  is 
tibtmpa  rdativdy  to  the  diM^hsrge  to  take  it  from  one  head  than  from 
two. 


new  scheme,  instead 
of  being  cheaper  hy 
£43,(XX),  as  it  claim- 
ed to  be,  woald  cost 
as  nearly  as  possi- 
ble r»0  per  cent.,  or 
£418,000,  more  than 
the  project  recommen- 
ded by  the  Govern- 
ment, North-Westem 
Provinces,  and  that  it 
is  farther  subject  to 
the  serioas  objections 
quoted  in  the  mar- 
gin, which  prove  that 
the  amended  scheme 
would  be  undesirable 
if  it  were  not  finan- 
cially impracticable. 
I  accordingly  see  no 
grounds  for  altering 
the  original  recom- 
mendation that  the 
Eastern  Ganges  Ca* 
nal  should  be  con- 
structed from  one 
head  fixed  at  Sham- 


pore." 

With  regard  to  the  objection  to  the  want  of  a  proper  provision  for 
dndnage  for  the  triangular  plots  into  which  Mr,  Parker  s  plan  of  construc- 
tion would  divide  the  lands  Ijing  between  the  khureef  (or  supply)  and 
the  rubbee  (or  perennial)  canals,  a  sketch  (as  per  accompanying  dia- 
gram) was  submitted  and  it  was  remarked  as  follows : — 

*  In  the  accompanying  diagram  all  canals  and  water-courses  are  shown 
infnll  lines,  and  drainage  lines  (which  it  will  be  observed  Arefonned  by  the 
boundary  ditches  of  the  irrigation  channels)  in  dotted  lines.  The  whole 
drainage  is  shown  by  the  arrows  to  be  taken  into  the  various  ditches  and 
passed  under  the  rubbee  canal  at  intervals,  the  accumulated  waters  showu 
by  larger  arrows  being  finally  led  into  a  natural  drainage  line. 

It  is  not  possible  to  fix  the  position  of  the  several  minor  lines  until 
levels  of  the  country  have  been  taken  at  very  close  intervals ;  meanwhile 
the  diagram  shows  that  the  drainage  can  be  completely  effected.     The 
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CW,  H.  A.  BrmnJUm,  B^.,  Cfy.  Chitf  Emynur,  Irrigaikm  Worts, 
S.  W.  P^  ikt  2*i  ApriL  1872. 

Bjms^  Ufm  etSfed  upon  to  statie  mj  of^ioD  on  the  fjstem  of  distribu- 
te ^A  vster  pn^^a^td  for  adoptioo  on  tbe  Eftsten  GaAges  Caaal,  I  most 
MJ  tijt  h  tfi'^ma  to  Be  to  lie  open  to  tvo  grsre  o^jectioits — 

Ut — Thai  of  mffordiiig  «  seedlesslj  large  fupplj  of  wmter  dniiiig  the 
Ubsraef  to  diitricto  where  the  nesnicfis  of  spring  lerel  to  tiie  smfMe  of 
160  enHs  for  the  gremtest  cue  and  circomspcctioii  in  giring  canal  water  at 
all  dnriBg  anj  except  years  of  funine, 

2miL — Hiat  of  interfering  Tery  serioosl j  with  the  drainage  of  tlie  ooontiy 
in  order  to  aeciire  this  laiish  irrigation,  thereby  aggrarating  inunenady  the 
water-logging  of  soil  and  nnhcalthiness  wludi  most  ineritably  resolt  from  it. 

Hie  proposal  is  to  cany  a  large  khnreef  diannd  down  tbe  main  water- 
shed of  the  eoontiy  traTeised  by  the  esnaL  On  either  side  of  this,  and 
or  less  pandkl  to  it»  are  to  flow  two  perennial  dumnds. 
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irUeh  m  said  themselTee  to  occupy  minor  waterehedB.  The  irrigation  of 
tlKcoimtry  is  to  be  cfffected  by  water-courses  from  the  perennial  channels^ 
while  feeders  taken  out  from  tiie  main  khareef  channel  will  supply  these 
pereimnl  lines  wben  the  main  line  is  carrying  water. 

5ow,  a  glance  at  the  following  sketch,  which  gives  a  general  idea  of 
vbt  I  conceive  to  be  the  physical  features  of  that  part  of  the  country, 
till  show  how  completely  snch  a  system  of  distribution  will  interfere  with 
ttd  dioke  up  the  minor  drainage  lines :— - 

If  it  be  argued  that  my  sketch  gives  an  exaggerated  view  of  the  amount 
of  obfitmdion  to  drainage  that  will  be  caused  by  the  proposed  system  of 


distribution,  I  reply  that  there  are  no  reliable  data  available  to  refute  it. 
It  is  allowed  that  the  minor  drainage  lines  of  the  country  have  not  yet 
been  carefully  surveyed,  and  my  own  opinion  is  that  they  will,  in  many  in« 
(taaees,  be  found  even  more  complicated  and  difficult  to  deal  with  than  I 
have  pictured  them. 

Mr.  Parker,  the  Superintending  Engineer,  who  initiated  this  project, 
tsiures  me  that  a  personal  knowledge  of  the  country  enables  him  to  state 
that  these  minor  drainage  lines  toe  not  of  any  importance ;  but  it  must  be 
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amoant  allowed  hj  the  Executiye  Engineer  for  this  parpose,  appem 
reasonable  and  sufficient.* 


CoL  H.  A.  BrownloWf  R.E.j  Offg,  Chief  Engineer^  Irrigation  WorkSf 
N.  W.  P.,  the  2nd  AprU,  1872. 

Having  been  called  upon  to  state  my  opinion  on  the  system  of  distribu- 
tion of  water  proposed  for  adoption  on  the  Eastern  Ganges  Canal,  I  must 
say  that  it  appears  to  me  to  lie  open  to  two  grave  objections — 

\8t, — That  of  affording  a  needlessly  large  supply  of  water  during  the 
khureef  to  districts  where  the  nearness  of  spring  level  to  the  surface  of 
soil  calls  for  the  greatest  care  and  circumspection  in  giving  canal  water  at 
all  during  any  except  years  of  famine. 

2nd. — ^That  of  interfering  very  seriously  with  the  drainage  of  the  countrj 
in  order  to  secure  this  lavish  irrigation,  thereby  aggravating  immensely  jthe 
water-logging  of  soil  and  unhealthiness  which  must  inevitably  result  from  it. 

The  proposal  is  to  carry  a  large  khureef  channel  down  the  main  water- 
shed of  the  country  traversed  by  the  canal.  On  either  side  of  this,  and 
running  more  or  less  parallel  to  it,  are  to  flow  two  perennial  channels. 
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tM)  ue  8ud  themselTee  to  oocnpj  minor  watersheds.  The  irrigation  of 
the  country  is  to  be  effifected  by  water-coarses  from  the  perennial  channels^ 
Mt  feeders  taken  out  from  tiie  main  khnreef  channel  will  supply  these 
perenual  Unes  wben  the  main  line  is  carrying  water. 

Now,  a  glance  at  the  following  sketch,  which  gires  a  general  idea  of 
vbat  I  conceive  to  be  the  physical  features  of  that  part  of  the  country, 
will  show  how  completely  snch  a  system  of  distribution  will  interfere  with 
lod  dioke  up  the  minor  drainage  lines : — 

If  it  be  argaed  that  my  sketch  gives  an  exaggerated  view  of  the  amount 
of  obstruction  to  drainage  that  will  he  caused  by  the  proposed  system  of 


£stribnti<Hiy  I  reply  that  there  are  no  reliable  data  available  to  refute  it. 
It  is  allowed  that  the  minor  drainage  lines  of  the  country  have  not  yet 
been  caxefally  surveyed,  and  my  own  opinion  is  that  they  will,  in  many  m« 
^laaees,  be  found  even  more  complicated  and  difficult  to  deal  with  than  I 
have  pictured  them. 

Mr.  Parker,  the  Superintending  Engineer,  who  initiated  this  project, 
assures  me  that  a  personal  knowledge  of  the  country  enables  him  to  state 
thai  these  minor  drainage  lines  tie  not  of  any  importance ;  but  it  must  be 
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remembered  that  the  question  is  not  what  is  their  condition  now^  but  what 
it  will  be  after  the  canal  has  been  running  for  ten  years. 

The  spring  level  of  the  conn  try  is  already  only  10  feet  below  the  snrface 
between  the  57th  and  97th  miles  of  the  main  canal.  The  annaal  rain-fall 
in  this  tract  during  ordinary  years  is  about  30  inches,  and  the  effect  of 
the  fully  developed  irrigation  from  the  proposed  canals  will  be  to  throw  an 
additional  13  inches  of  water  over  the  whole  area,  thereby  making,  as  it 
were,  the  present  exceptional  rain-fall  of  unusually  wet  years  the  rule. 

The  irrigation  from  the  Ganges  Canal,  which  is  not  conducted  on  any- 
thing like  so  profuse  a  scale  as  that  proposed  for  these  canaUi  has  al- 
ready raised  the  spring  level  as  much  as  20  feet  in  many  of  the  tracts 
where  rice  is  most  cultivated.  With  this  fact  before  me,  I  should  not  be 
at  all  surprised  to  hear  that  considerable  portions  of  the  tract  under  con- 
sideration had  become  impassable  morasses  in  the  course  of  a  few  years 
after  irrigation  commenced. 

Mr.  Parker  formerly  relied  on  the  very  obstruction  of  the  drainage  to 
which  I  object  so  much,  as  enabling  him  to  dispense  in  great  measure 
with  the  necessity  of  draining  at  all.  But  I  for  one  cannot  accept  the 
«tat«ment  that  the  interception  of  drainage  water  does  away  with  the 
necessity  for  drainage.  True  the  soil  may  absorb  the  water  to  a  large  ex- 
tent, but,  to  my  thinking,  it  is  a  more  formidable  antagonist  when  thus 
disposed  of  than  when  it  is  passing  off  by  surface  flow. 

Mr.  Parker  has,  however,  lately  admitted  in  conversation  that  a  system 
of  deep  artificial  drains  will  ultimately  become  necessary,  in  which  oase  it 
is  surely  more  in  accordance  with  sound  engineering  to  arrange  that  all  the 
drainage  cuts  shall  follow  the  depressions,  and  the  irrigating  channels  the 
high  lands,  than  to  treat  an  undulating  country  as  a  "  tabula  ra^a,"  the 
features  of  which  are  to  be  moulded  hereafter  according  to  our  own  will. 

If  we  suppose  that  there  are  no  undulations,  and  that  the  country  slopes 
uniformly  down  from  the  main  watershed  to  the  rivers  shown  on  the  map^ 
the  perennial  channels  will  then  lie  some  way  down  the  slope  on  either 
4de,  and  will  intercept  the  broad  shallow  film  of  drainage  flowing  over  the 
surface  of  ground  to  the  river.  Any  one  who  has  watched  the  flow  of  such 
drainage  will,  I  am  sure,  admit  the  truth  of  my  assertion  that  the  obstruc- 
tion caused  by  a  bank  of  several  miles  in  length  can  never  be  effectuallj 
remedied  by  the  construction  of  a  few  large  culverts  at  certain  points  which 
the  amount  allotted  for  drainage  shows  will  not  be  very  near  each  other. 
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I  hare  already  stated  that  I  object  in  limine  to  the  excess! yelj  large  mon- 
soon supply  which  it  is  proposed  to  throw  into  these  canals,  and  which  ap- 
pears to  be  the  sole  canse  of  the  complicated  system  of  irrigation  proposed 
for  adoption.  If  it  be  still  considered  necessary  to  adhere  to  this  large 
khareef  yolnme,  it  seems  to  me  imperatively  necessary  to  move  np  both 
perennial  channels  to  the  main  watershed  now  occupied  by  the  khureef  canal. 
They  would  then  lie  immediately  contiguous  to  the  latter,  except  where  it 
became  necessary  to  interpose  feeding  channels  for  the  purposes  of  supply. 

But  it  seems  to  me  that  the  great  object  in  the  construction  of  irriga- 
tion canals  is  not  so  much  to  obtain  a  maximum  of  revenue  at  a  miuimum 
of  cost,  as  to  lay  them  out  on  sound  engineering  principles  ;  and,  while 
keeping  in  view  the  necessity  of  obtaining  such  a  return  as  shall  remunerate 
the  State  for  its  outlay,  never  to  lose  sight  of  the  physical  conditions  or 
necessities  of  the  country  which  they  traverse.  Above  all  things,  the 
health  of  tlie  irrigating  community  should  be  considered  of  paramount  im- 
portance, as  there  is  but  little  use  in  giving  its  members  luxuriant  crops 
of  rice  if,  in  the  course  of  a  few  years,  they  have  neither  health  nor 
strength  left  to  enjoy  them. 

The  reasons  given  for  utilising  the  largo  monsoon  supply  do  not  appear 
to  me  sufficient  to  warrant  its  adoption.     They  are — 

Ist. — That  it  is  easily  available. 

2nd. — That  if  much  rice  is  grown,  the  duty  obtained  from  the  water  will 
be  so  much  less  than  the  standard  adopted  by  the  Government  of  India  as 
to  employ  the  larger  volume  proposed,  even  though  the  proportion  of  land 
irrigable  every  year  be  estimated  at  one-fourth  only  of  the  culturable  area. 

3rd. — That  the  assignment  of  one-fourth  of  cultivated  or  culturable  area 
as  limit  of  yearly  irrigation  is  quite  below  the  wants  of  the  people  ;  the 
canal-irrigated  areas  in  certain  pergunnahs  of  Saharunpore,  Mozuffemug- 
gar,  and  Meemt  Districts,  running  as  high  as  from  60  to  70  per  cent,  of 
the  cultivated  area. 

4th, — That  in  certain  pergunnahs  in  which  well  irrigation  is  most  large- 
ly and  successfully  practised,  80  per  cent,  of  cultivated  land  is  irrigated 
annually,  and  that  there  seems  to  be  no  good  reason  why  canal  irrigation 
should  not  attain  the  same  development  when  water  is  abundant. 

bth. — That  the  loss  of  volume  from  percolation  would  probably  reduce 
the  available  supply  to  3,150  cubic  feet  per  second — a  volume  which  agrees 
practically  with  the  limit  proposed  by  Government  of  India. 
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6th. — The  necessity  for  supplying  the  Lower  Bamgunga  Canal  with 
water  from  the  Ganges,  owing  to  the  late  date  at  which  the  Yolume  of  the 
Ramgnnga  River  begins  to  increase. 

The  first  reason  is  one  which  can  be  urged  in  support  of  almost  all  pro-- 
posals  for  utilising  large  khureef  volumes,  and  is  I  think,  only  fairly  ap- 
plicable when  it  can  be  proved  beyond  a  doubt  that  the  injury  to  the 
health  of  the  community  and  to  the  low-lying  lands  (which  may  be  expect- 
ed to  result  from  flooding  the  country  to  so  large  an  extent)  will  not  be 
oat  of  all  reasonable  proportion  to  the  advantages  gained. 

As  regards  the  second  and  third  reasons,  I  think  that  most  Irrigation 
Officers  in  the  North- Western  Provinces  will  support  me  in  deprecating 
strongly  either  the  encouragement  of  growing  large  areas  of  rice,  or  the 
acceptance  of  the  wishes  of  the  people  as  a  safe  guide  for  us  to  adopt  in 
this  particular  matter.  The  state  of  many  of  the  villages  in  the  peigun* 
nahs  quoted  (in  which  canal  irrigation  bears  so  high  a  proportion  to  culti- 
vated area)  bears  me  out  in  my  argument,  as  some  of  the  very  worst  cases 
of  suffering  from  rise  in  spring  level  that  have  come  to  my  knowledge  have 
occurred  in  these  very  localities. 

As  regards  the  fourth  argument,  there  must  surely  be  some  mistake  in 
the  returns  quoted,  which  state  that  80  per  cent,  of  the  cultivated  area 
in  certain  pergunnahs  is  annually  irrigated  from  wells.  I  have  asked 
Settlement  Officers  of  great  experience,  who  assure  me  that  they  have 
never  met  with  any  such  cases,  and  suggest  that  most  probably  the  mean- 
ing is  that  80  per  cent,  of  the  cultivated  land  is  irrigable  from  wells. 
Besides,  granting  that  so  large  a  proportion  of  well  irrigation  did  exist 
anywhere,  there  is  surely  no  analogy  between  such  a  case,  where  the  water 
is  drawn  from  the  subsoil,  sparingly  distributed  over  the  surface,  and 
returned  to  the  subsoil  in  diminished  quantity,  and  the  case  of  80  per 
cent,  of  the  cultivated  land  being  flooded  with  a  profuse  supply  of  oanal 
water,  which  all  contributes  to  raise  the  spiing  level  instead  of  lowering 
it.  The  irrigation,  conducted  in  the  former  case  with  perfect  impunityi 
would  in  the  latter  very  probably  turn  the  land  into  a  swamp  and  decimate 
the  inhabitants  with  fever. 

Were  the  duty  obtained  from  the  water  in  the  proposed  Eastern  Ganges 
Canal  to  run  as  high  as  the  duty  obtained  from  well  water,  a  maximum 
supply  of  1,250  cubic  feet  would  amply  suffice  for  the  wants  of  the  com- 
munity. 
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I M  otmBider  tlie  loss  from  percolations,  Btated  as  the  fifth  reason, 
Ma  on  (tee  page  60)  ;  and  think  that  the  sixth  reason  mast  stand 
orfillinthihe  possibility  of  onr  being  able  to  devise  anj  means  of  safely 
eonbimDg  large  and  small  discharges  in  the  same  channel. 

Hiving  regard  to  the  nearness  of  spring  lerel  to  the  surface  of  the 
Nil,iAdto  the  supply  avadlable  for  use  daring  therabbee,  I  am  decidedly 
of  opinion  that  the  scheme  originally  suggested  for  adoption  by  the  Gov- 
inimentof  India  (se«  page  44),  is  the  best  saited  to  the  circumstances  of  the 
CMe.  There  abonld  be  a  single  line  of  canal  adapted  to  carry  a  minimum 
iQpply  of  1,250  cnbic  feet  a  second,  and  a  maximum  supply  as  much  in 
exoea  of  tbst  Tolnme  as  can  be  conveniently  and  economically  arranged. 
A  cbannel  haying  a  bottom  width  of  135  feet^  side  slopes  of  1^  to  1, 
andafftllof  1  foot  per  mile,  will  discharge  a  little  over  1,250  cubic  feet 
I  second,  with  a  velocity  of  about  2'33  feet  per  second  when  flowing  4 
feet  deep.  If  the  depth  in  the  same  channel  be  increased  to  6^  feet,  the 
dif charge  will  rise  to  about  2,800  cubic  feet  per  second,  and  the  velocity 
to  about  3  feet  per  second.  I  see  no  difficulty  whatever  in  arranging  for 
tlie  maintenance  of  irrigation  from  the  distributaries  within  these  limits  of 
floctoation  in  the  main  channel,  and  the  experience  of  the  Eastern  Jumna 
Canal  will,  I  know,  bear  me  out  in  this  opinion. 

All  irrigation  channels  should  follow  as  closely  as  possible  the  watershed 
lines  of  the  tracta  which  they  are  intended  to  water. 

At  first  it  would  only  be  possible  to  lay  down  main  lines  of  canal,  but 
no  time  should  be  lost  in  surveying  and  laying  down  the  minor  drainage 
featurea  of  the  country,  and  then  each  separate  '<  Doab  "  can  ultimately  be 
provided  with  its  independent  irrigation  channel  of  a  volume  proportioned 
to  the  area  commanded.  The  water  would  thus  be  delivered  much  more 
directly  on  the  fields  than  in  the  proposed  scheme,  where  the  perennial 
channels  leave  the  main  watershed,  and  have  to  irrigate  much  of  the  land 
•gainst  the  transverse  slope  of  the  country. 

No  one  can  doubt  the  fact  of  the  area  commanded  by  the  Eastern  Jumna 
Canal  having  been  perfectly  protected  from  the  eflfects  of  drought  during 
the  famine  years  of  1860-61  and  1868-69.  The  gross  area  so  command- 
ed amounts  to  1,550  square  miles.  The  volumes  delivered  were  1 ,500 
cidnc  feet  per  second  during  khureef,  and  665  cubic  feet  during  the  rubbee 
of  1860-61,  1,126  cnbic  feet  during  the  khureef,  and  682  cubic  feet  during 
the  nibbee  of  1868-69.    The  proportion  of  barren  land  to  gross  area  is 
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almost  exactly  the  same  on  the  Eastern  Jumna  and  Eastern  Ganges  Canals, 
being  14*66  per  cent,  in  the  former  and  14  in  the  latter  case.  A  compa- 
rison may  therefore  be  very  fairly  instituted  between  the  two,  in  order  to 
ascertain  how  far  short  the  reduced  volume  of  the  Eastern  Ganges  Cana^ 
will  come  in  protecting  the  area  irrigated  by  it  from  famine.  The  mean 
volumes  of  the  Eastern  Jumna  Canal  for  the  two  years  are  1,313  cubic 
feet  per  second  for  khureef,  and  673  cubic  feet  for  the  rubbee ;  and  increas- 
ing these  volumes  in  proportion  to  the  gross  areas  commanded,  we  get 
2,900  cubic  feet  during  khureef,  and  1,370  cubic  feet  during  rubbee,  as 
the  corresponding  volumes  required  for  Eastern  Ganges  Canal.  The  vo- 
lames  which  1  propose  for  adoption  (2,800  cubic  feet  during  khureef,  and 
1,250  cubic  feet  during  the  rubbee),  fall  short  of  this  standard  by  about 
100  cubic  feet  per  second  in  each  fusl.  The  short  rubbee  supply  may  be 
lamented,  but  cannot  be  helped,  as  there  is  no  more  water  to  be  obtained 
from  the  river,  while  bearing  in  mind  the  nearness  of  spring  level  to  the 
surface  of  the  soil,  I  look  upon  the  short  khureef  supply  as  a  decided  ad- 
vantage. As  the  loss  by  percolation  is  included  in  the  volumes  adopted  as 
standards  of  comparison,  no  extra  provision  need  be  made  on  that  account. 

Eighty-six  per  cent,  of  the  gross  area  (3,152  square  miles)  commanded 
by  the  Eastern  Ganges  Canal  is  cultivated  and  culturable.  The  propor- 
tion of  khureef  to  rubbee  cultivation  is  as  17  to  10 ;  the  khureef  duty  may 
fairly  be  taken  as  75  acres  per  cubic  foot  per  second,  and  the  rubbee  duty 
at  180  acres. 

From  these  data  we  obtain  an  irrigated  area  of  210,000  acres  for  the 
khureef  or  19  per  cent,  of  the  gross  cultivated  and  culturable  khureef  area ; 
and  225,000  acres  irrigated  during  the  mbbee,  or  35  per  cent,  of  the  gross 
cultivated  and  culturable  rubbee  areas.    The  returns  may  be  estimated  at : — 

Cnbic 
feet.         Acreg.       Rs.  Bs. 

Khureef,        2,800  x      76  x  2-26  =  8,72,600 

Rubbee,         1,250  X    180  x   I'O    =4,27,600 

Add  8  per  cent  Miscellaneoas, 72,000 

Total  (net  income),        . .  Rs.  9,72,000 

I  have  adopted  the  water  rates  per  acre  given  by  the  Chief  Engineer  in 
hifl  report  on  the  Eastern  Ganges  Canal,  dated  9th  December,  1869,  and, 
like  him,  have  reckoned  the  whole  direct  income  net,  allowing  that  the 
working  expenses  will  be  covered  by  the  landlord  rate. 

My  estimate  of  the  returns  looks  of  course  rather  dingy  when  placed 
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iMide  tfie  prorloiis  €8liiiMte  of  18^  kkhs  obtained  firom  tiie  laiger 
kbnntf  Tolame,  and  bigfa«r  estimste  of  rabbee  daty.  Bnt  I  think  that 
SQO  mea  ia  too  -highfor  anararage  astunate  of  rabbee  datj,  and  I  am 
«n  that  it'ifill,  in  the  long  nm,:be  foond  moch  more  profitable  and  ad- 
iiBft^ioaa  to  eontant  oniaelTta  with  the  lower  retami  and  the  radnoed 
TofauM-diBiBg  the  khavaaf. 

It  ■  of  eovzae  impoaaible  to  aay  at  thia  atage  of  the  proeeedings  how 
naoh  par  cant,  will  bo  obtained  as  a  retam  on  original  oatlaj  shoald  the 
modified  scheme  be  approved.  Bat  as  its  cost  cannot  be  more  than  that 
«f  the  preacnt  project,  whidi  is  giren  by  the  Chief  Engineer  as  Rs. 
81^^20,  we  may  aafely  assnme  that  the  modified  scheme  will  proTe  re- 
BuaentiTe,  aa  the  estimated  retoms  from  it  (Rs.  9,72,000)  will  give  IX 
per  cent,  on  the  aboTO-mentioned  capital  outlay. 

Shoald  it  be  decided  to  reduce  the  kfaureef  sapply  at  the  head  of  the 
eansl,  it  by  no  means  follows  that  a  rateable  rednction  should  be  effected 
in  each  of  the  main  branches  and  distributaries.  I  should  recommend 
matting  down  to  the  lowest  possible  limit  the  supply  of  water  allotted  to 
low-lying  swampy  tracts,  and  to  those  where  the  spring  lerel  is  within 
10  or  12  feet  of  the.  surface,  giriug  the  surplus  to  the  higher  and  more 
aiid  diitriets.  By  thia  means  His  Honor  the  Lieutenant- Ooremor's  wish 
to  proTide  an  ample  supply  for  the  portions  of  the  Bijnour  District  which 
are  so  liable  to  drought  can  easily  be  complied  with,  while  we  shall  at  the 
same  time  aroid  water*logging  the  district  lying  between  miles  57  and  07 
of  tiie  canal. 


J.  L.  Parksr,  Esq.,  Supdg.  Engineer^  the  20th  April,  1872. 

Of  the  two  objections  to  the  project  of  the  Eastern  Ganges  Canal  raised 
by  Colonel  Brownlow,  the  first  refers  to  a  point  of  such  importance  that 
it  ought  to  have  been  definitely  settled  before  the  design  of  a  canal,  rest* 
ing  as  it  must  do  upon  that  point,  was  attempted.  In  other  words,  the 
dischaiges  of  the  canal  should  have  been  fixed  before  their  distribution 
was  attempted. 

Colonel  Brownlow's  objections  are— Isf,  that  the  khureef  discharge- 
vis.,  4,500  cubic  feet  per  second — is  too  great ;  and,  2nd,  that  the  design 
for  distributing  this  discharge  is  faulty,  inasmuch  as  it  exhibits  inter* 
ference  with  the  natural  drainage  of  the  country.     The  latter  is  what  I 

TOL.    If.— -6SC0KD   BXRIXS.  ^ 
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tliesef  u  well  as  the  wmter •logging  of  the  soil ;  and  with  regard  to  the 
Utter  odIj,  drainage  cuts  woald  certainljr  restrain  it  to  a  depth  below  soil 
limited  by  the  depth  of  the  drains.  8hon1d  tliis  be  allowed,  I  wonld  ask, 
would  8ach  water-logging  bj  the  rise  of  spring  level  be  injurious  in  anj 
mj  either  to  the  health  of  the  people  or  to  the  fertility  of  the  soil  ?  I 
myself  cannot  give  any  decided  opinion  on  the  subject,  but  am  inclined  to 
think  that  the  approach  of  spring  level  to  surface  of  soil,  as  in  the  Ganges 
khadir,  for  instance,  does  not  itself  render  climate  insalubrious ;  and  that 
as  water-logged  lands  can  by  drainage  be  made  fruitful,  and  in  England, 
and  I  believe  in  parts  of  this  country,  have  been  so  made,  so  land  not  water- 
logged, but  with  snch  a  stratum  5  feet  below  it,  will  not  be  injured,  since 
it  may  be  viewed  in  the  light  of  drained  lands,  which,  as  above-mentioned| 
can  be  made,  and  are,  fruitful. 

When  writing  the  paragraph  (marginally  quoted)  of  my  memorandum 

"  I  bcliere  it  win  be  foandtliAtTerT  little  drainage  workBwni  be  reqalred.   q^     iI^q     Eastem 
"Bed-U*  the  faTorable  feifctaree  before  deacrihed  of  the  Rungnnga  Doab,  ri        i     t 

where  ti  U  iteelf  traTenod  In  all  directions  by  oir  irrigating  lines,  feedera,    Ganges   Canal,   I 
and  minor  rajbahaa,  and  Iff  the  innamerable  waterooaraea  which  the  agri-   ^j^j  ^^^  mean  that 
cnltarKa  themaelTe«  mnit  make  for  irrigating  their  lands,  the  snrfaoe  of 
thecoantrj  will  be  so  cot  np  into  small  areas  that  each  area  will  I  etain  or   Cutting  up   the 

«»««  ««t  .r  »ot^.  of  th.  «in.wi  upon  it^  "* -•'tojU'  >»*  *^  country  into  small 

qnired  for  draining  it.    Mnch  of  the  oonntiy  is  saadj,  and  will  absorb  ^ 

water  to  a  large  extent.**  SreaS  WOnld  do  a* 

way  with  the  necessity  of  surface  drainage,  but  that  it  would  diminish  iU 
What  I  meant  may  be  illustrated  thus :  Let  there  be  an  inclined  plane, 
and  let  it  receive  a  certain  amonnt  of  rain- fall ;  the  whole  of  this  will  run 
off  rapidly  and  in  large  volnmes  into  drainage  lines,  say  on  either  side  of  the 
plane.  Let  this  be  now  divided  into  small  squares,  each  capable  of  re- 
taining a  great  deal  of  the  rain -full.  Tliis  wonld  now  not  run  off  so 
rapidly  as  before,  nor  in  sncli  large  volume,  and  smaller  culverts  would  be 
reqtiired  than  before,  more  water  would  remain  on  the  whole  plane  than 
before,  more  would  be  evaporated  from  it,  and  more  would  bo  absorbed  in 
certain  soils  tending  to  render  the  country  water-l<>g\^i*d.  This  would 
be  prevented  l>y  drains  dug  to  any  required  depth, — by  subsoil  drainage, 
in  fact, — and  this  I  have  always  thought  would  he  necessary,  and  must 
accompany  irrigation  by  canals;  and  it  is  my  belief  that  in  whatever  way 
yon  may  armnge  your  distributaries,  spring  levels  will  ride,  and  drainage 
will  always  be  necessary. 

The  rajl'uhas  and  feeders  as  shown  in  the  Canal  Survey  map  will  not  ne- 
ceftsarily  run  as  there  shown.     Furtiier  surveys  will  be  made.     Feeders  wiii 
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bo  takea  down,  wheneyer  posaible,  on  a  ridg-e  as  shown  by  EL.  in  PlaU 
YI.,  and  the  perennial  channels  will  probablj  ?erj  often  ran  close  to  the. 
canal,  as  p  9  r,  in  sketch,  and  throw  off  a  branch  towards  the  side  of  tUM 
nnddees ;  and  we  shall  have  what  Colonel  Brownlow  requires,; — ^yiz.,  ir- 
rigsjting  ehannels  on  high  lands  and  drainage  cuts  in  low,  with  this  further 
advantsga,  ?i2.,  a  constant  head  of  supply  in  our  rajbuhas,  without  any  ne« 
cessity  of  damaing  up  the  water. 

With  regard  to  the  spring  level  being  near  the  surface  of  country,  and 
irrigalioa  consequently  not  being  necessary  or  required,  experience  seems 
to  show  that  the  spring  leyel  does  not  affect  the  question.  In  East  Bohil- 
enad,  water  ia  very  near  the  surface  of  the  soil  in  the  Districts  of  Bareillj 
and  the  Terai,  and  yet  the  people  hare  irrigated  from  time  immemorial : 
more  than  that,  although  in  numerous  places  the  water  is  within  10  feet 
of  Burftoe  of  country,  Gk)vernment  has  sanctioned  canals  to  be  made  in 
these  places,  and  they  are  in  fact  being  made.  It  naturally  occurs  to  one 
of  course  to  ask,  if  you  sanction  canals  to  be  made  under  a  certain  condi- 
tion of  eircumstances  in  one  part  of  a  proyince,  why  prohibit  their  con- 
straotion  in  another,  where  circumstances  are  exactly  the  same  ? — and  alsa 
to  conclude  thai  if  the  habits  of  the  people  be  supposed  to  indicate  the 
usefulness  or  necessity  of  certain  practices,  the  nearness  of  water  to  surface 
of  soil  does  not  do  away  with  the  necessity  or  usefulness  of  irrigation. 

With  reference  to  Colonel  Brownlow*s  proposed  section,  I  would  not  ad- 
vise changing  the  side  slopes  of  the  canal  from  1^  to  1,  or  slope  of  bed  to 
1  foot.  There  seems  to  be  no  reason  why  1  to  1  for  side  slope  should  not 
be  maintained;  and,  indeed,  a  very  good  one  for  its  maintenance.  It  is 
sufficient  as  a  side  slope  to  answer  its  purpose,  and  in  depths  of  digging 
such  as  we  have  in  the  upper  20  miles  of  the  canal,  (viz.,  50  to  55  feet,) 
vastly  cheaper  than  1^  to  1 ;  and  with  regard  to  slope  of  bed,  of  course 
the  more  this  is,  the  greater  will  be  the  excavation  and  the  consequent 
expense. 

I  think  I  have  nothing  more  to  note  down,  except  just  to  express  my 
belief  that  the  conditions  of  the  problem  being  granted,  the  Eastern  Qaa* 
gee  Canal  project  meets  them  quite  successfully;  that  wherever  canal 
iirigation  is  introduced,  rise  of  spring  levels  oaust  take  place,  whatever  the 
^stem  of  distributaries  may  be ;  that  drainage  must  accompany  irrigation^ 
and  tan  always  be  made  to  cross  iirigatiag  lines  effectually  without  injury 
to  contry  by  proper  arnmgeoMnta;  that  with  regard  to  the  disebargea  of 


Ot  ImAsm  (iMgiii  CumJ,  Aej  abonld  be  nainftsinad  at  4,500  and  1,300 
oAr  fe«i;  and  tkmt,  if  so  inaiiitainffd»  it  wiU  be  difficult  to  find  a  more 
iiMiciorj  or  leas  eomplicAted  solaiion  of  the  difficoltj  of  maintauuDg  a 
mnitMit  bsttd  of  supply  thaa  that  proposed. 

Aad  in  eoado^oii^  I  would  beg  to  ezpreea  my  obligations  to  Colonel 
Biownlow  for  bis  courtesy  ia  allowing  me  to  see  bis  notes,  and  thus  gif  ing 
9s  in  <q^ortiijDity  to  reply  to  them. 


Col.  H.  A.  Brownlaw,  R.E.,  Sth  May^  1872. 
As  regards  the  question  of  khareef  yolnme  to  be  given  to  the  canal, 
Mr.  Fteker  considers  that  the  late  Colonel  J.  C.  Anderson  tacitly  ac- 
cepted the  proposed  discharge,  becanse  he  made  no  objection  to  it  in  a 
nole  on  the  project  dated  25th  Aognst,  1870.  Bnt  a  reference  to  a  note 
(below  quoted)  by  Colonel  Anderson,  dated  7th  September,  1869,  will  show 
that  he  did  not  then  at  any  rate  consider  it  at  all  advisable  to  provide  canal 
irrigatioB  for  a  very  high  proportion  of  the  cultivated  area,  or  to  provide 
more  than  3,000  cubic  feet  per  second  for  the  whole  canal. 


ifnm  Nott  ftr  Offg*  Jiuptdor-aeiurai  qf  JrrigaHon,  doled  Vh  SapUmbtr,  ISW. 

JW«.  ai— Coniltateff  tlM  fOMnny  moM  obanctcr  at  th«  eoantxj  to  b*  dMlt  vlth,  and  th« 
jnaimitf  of  Um  qirisfs  to  tb«  mrfaoo,  which  would  continne  to  offer  th«  means  of  irrifration  after 
taeopalBt  of  the  eanal,  I  am  myt  tacUned  to  recomsMnd  proridon  of  canal  irrigation  to  a  T^ 
pHpottfM  e<  the  evUviitod  WW. 

Farm,  <b— If  thaae  flfana  are  any  criterion  of  the  reralta  which  may  be  anticipated  from  the  Becfcem 
niiniii  Omal,  I  riMmU  think  that  prorision  of  the  meana  of  irrigation  to  the  extent  of  one^ftmrth 
thakhBRcf  ann  wmld  be  •nflleiffnt.  In  thie  caae  the  npply,  as  abore  mentioned,  would  be  1,000 
cable  tmt  for  the  whole  cannl.  and  1,100  for  the  Sambhal  Branch  ;  bnt  Colonel  Strachey  will  be  able 
to  |i««  a  »eie  raUahle  optnloii  on  thie  point. 

Mr.  Pai^er,  while  accepting  my  sketch  of  the  probable  drainage  feature s 
of  Western  Rohilcnnd,  takes  exception  to  the  manner  in  which  I  laid 
down  the  distributaries  in  that  sketch,  and  further  on  he  says  that  the  raj- 
bohas  and  feeders  will  not  necessarily  ran  as  shown  in  the  map  submitted 
with  the  prcjeoi.  I  was  yery  naturally  guided  by  the  statements  of  their 
own  riews  put  forth  by  the  designers  of  the  canal,  and  a  reference  to  their 
correspondence  will  show  that  I  represented  as  fairly  as  I  could  the  system 
of  distribution  which  it  was  proposed  to  adopt.  If  my  remarks  have  led 
to  a  more  careful  consideration  and  a  modidcation  of  this  system,  they  will 
at  any  rate  have  done  some  good. 

Iiooking  upon  it  as  an  axiom  in  hydraulic  engineering  that  irrigation 
channels  shall,  where  it  is  possible,  occupy  the  watershed  lines  of  the 
eoQBtij^  I  csAnot  accept  Mr.  Parker's  statement  that  his  rajbuhaa  do  not. 
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as  a  rale,  interfere  with  the  drainage,  as  a  sufficient  argoment  in  snppori 
of  the  system  proposed  by  him.  The  variations  in  the  features  of  the 
ground  are  very  great,  and  until  we  are  furnislied  with  a  fairly  accurate 
topographical  map  of  the  country  we  cannot  be  sure  that  the  admission  of 
the  principle  that  the  watershed  may  be  safely  abandoned  will  not  lead  to 
very  serious  interference  with  surface  drainage. 

Mr.  Parker,  while  admitting  that  a  considerable  rise  in  spring  le? el  will 
follow  the  introduction  of  canal  irrigation,  proposes  to  restrain  it  to  a 
certain  depth  below  the  surface  by  a  system  of  drainage  cuts,  and  he  in- 
clines to  the  belief  that  such  an  amount  of  water-logging  would  not 
affect  injuriously  either  the  productive  powers  of  the  soil  or  the  health  of 
the  people.  There  are,  I  fear,  a  good  many  practical  contradictions  of 
his  opinion  on  the  latter  points,  and  in  order  to  keep  the  surface  of  spring 
water  down  to  a  safe  le?el  under  the  proposed  conditions  of  irrigation,  we 
should  require  a  widely  extended  system  of  deep  drainage  cuts.  It  does 
not  seem  to  me  in  accordance  either  with  sound  engineering  or  principles 
of  economy  deliberately  to  make  a  swamp  with  the  avowed  intention  of 
draining  it  sooner  or  later. 

In  regard  to  Mr.  Parker*s  allusion  to  the  Rohilcund  Canals,  it  is  pre- 
cisely because  I  ol)ject  most  strongly  to  the  sanitary  condition  of  parts  of 
Bareilly  and  the  whole  of  the  Terai  that  I  am  protesting  so  strongly 
against  the  lavish  supply  of  water  to  parts  of  Western  Rohilcund.  Mr. 
Parker*s  argument  refers  to  construction  of  chuals,  and  I  think  he  would 
on  considfration  allow  that  I  did  not  in  any  way  object  to  the  construc- 
tion of  the  Eastern  Ganges  Canal,  but  to  the  grant  of  an  excessive  supply 
of  water  for  khureef  irrigation. 

The  case  put  on  page  59,  and  objected  to  by  Mr.  Parker,  it  purely 
hypothetical,  and  merely  intended  to  show  what  would  be  the  probable 
increase  of  volume  conveniently  attainable  in  a  channel  discharging  1,250 
cubic  feet  per  second  as  a  minimum  supply. 


Col.  H.  A,  BrownloWf  R,E,^  Extracts  from  Irutructiom  for  revising 
Eastern  Ganges  Canal  Frqjtct,  4th  April,  1872. 

The  maximum  rubbee  supply  should  be  taken  at  1,250,  and  maximnm 
khureef  supply  at  2,500,  or,  if  it  can  be  managed,  even  2,800  cubic  feet 
per  second. 

The  lining  out  and  preparation  of  land  plans  shonld  be  proceeded  with, 
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adialiriing  out  tihe  ^remtest  care  mnst  be  taken  to  follow  m  closeljr  m 
foftUethe  waternlied.  lines  of  the  conntrj. 

ItiiUlleTed  tbat  the  main  watersheds  hare  alreadjr  been  detennioed 
lithnfEcient  accuracy*  and  no  time-should  be  lost  in  pu&hing  on  the  sar- 
vcptsdin  taking  tbe  lerels  that  are  required  to  enable  the  Engineers 
tolij  dotra  correctly  on  the  map  the  minor  drainage  features  of  tha 
erantry. 

The  complete  delineation  of  these  will  of  course  be  a  work  of  time,  bnt 
bj  eommencing  with  the  most  marked,  and  gradually  working  in  the 
imiller  ones,  tliere  is  no  reason  to  doubt  that  it  will  be  possible  to  complete 
th«  distribatariea  quite  as  soon  as  the  main  channel.  It  is  not  intended 
tbt  there  shall  be  a  complete  and  minute  contour  surrey  of  the  whole 
coantry,  but  we  must  hare  a  clear  conception  of  tlie  position  and  direction 
of  the  minor  watershed  and  water-course  lines.  A  Hyin^r  survey  taken 
after  Tery  heavy  rain,  would,  if  correctly  done,  con?ey  much  more  really 
useful  information  for  oar  purpose,  than  the  most  accurate  series  of  levels 
if  tiken  only  at  5-mile  intervals,  and  merely  given  as  levelsj  without  any 
Attempt  to  show  whether  a  sudden  drop  is  caused  by  an  isolated  depres- 
sion or  by  a  comparatively  important  drainage  course. 

UDder  the  above  system,  each  distributary  will  occupy  the  water-shed 
line  of  its  own  particular  "  doab/'  leaving  the  drainage  courses  perfectly 
open  and  free. 

The  volume  to  be  allotted  to  each  distributary  will,  as  a  general  rule, 
depend  primarily  on  the  nearness  of  the  spring  level  to  surface,  and  second- 
arily on  area  commanded.  This  nile  is,  of  course,  not  to  be  considered 
inflexible  when  the  local  knowledge  of  the  Superintending  and  Executive 
Engineers  engaged  in  designing  the  works  can  show  good  grounds  for  de- 
parting from  it;  but,  speak ing'generally,  the  volume  allotted  per  square 
loile  of  sny  given  area  should  be  in  the  direct  ratio  not  only  of  area,  but 
of  depths  of  water  below  surface  of  soil. 

As  some  general  rule  must  be  adopted  at  the  outset  in  order  to  admit 
of  the  Engineers  ascertaining  with  fair  accuracy  what  will  be  the  volumes 
to  ha  provided  for  in  the  several  main  channels,  I  would  suggest  that  the 
several  aseas  commanded  should  be  divided  into  three  classes  : — 
Class  A. — Spring  level  12  feet  or  less  below  surface  of  soil. 
Class  B.— Spring  level  12  feet  to  20  feet  below  surface. 
CUsfl  C.— Spring  level  more  than  20  feet  below  surface. 
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Then  areas  of  A,  B,  and  C,  should  be  ascertainedy  and  atipposial^ 
652  (A)  +  1,500  (B)  +  1,000  (O)  =  3,152  square  miles  total  anfa 
oommanded ;  if  x  =  unit  of  volume  per  square  mile  for  Class  A  (652  x  x) 
<+  1,600  X  2x)  +  (1,000  X  da;)  =  2,800  cubic  feet,  and  (c  »=  0^49 
cubic  feet  per  second :  the  allotment  of  maximum  khuieef  supplj  wcmld 
theu  be  say^ 

0*40  cubic  feet  per  second  per  square  mile  to  Class  A. 

0'85  „  »,  „  .„  „  B. 

1*25  „  „  „  „  „  C. 

The  foregoing  calculation  is  only  an  illustration,  and  it  is  apparent 
that  the  Yolume  per  square  mile  allotted  to  Class  A,  will  vary  according 
to  the  varying  proportions  of  the  areas  in  the  three  classes.  It  might 
therefore  be  necessary  to  fix  a  limit  below  which  the  khureef  volume 
allotted  per  square  mile  should  not  fall.  I  do  not  think  that  0-83  cubic 
feet  per  square  mile  would  be  at  all  too  low  a  limit  for  tracts  where  the 
spring  level  is  within  10  feet  of  surface,  and  it  will  of  course  be  under- 
stood that  it  is  by  no  means  necessary  to  dole  out  a  modicum  of  Wat^r 
proportioned  to  its  area  to  each  village  of  such  tracts.  The  lowest-lying 
lands,  which  will  be  furthest  from  the  rajbuha,  will  be  most  beneficially 
excluded  from  canal  irrigation  in  the  great  maj6rity  of  cases,  and  the 
waste  consequent  on  attempting  to  lead  small  streams  of  water  long 
distances  will  thus  be  avoided. 
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No.  LXVIII. 

MASONRY  VERSUS  EARTHEN  DAMS. 
IVitU  PUtM  VIL,  Vin.  and  DLl 


Bi  Uajor  Hkctok  Tclloch,  R.E.9  Executive  Engineer,  Bombay 
Manieipalitj.  Extracted  from  the  "  Effort  on  the  Water  Supply 
tfBmbay:' 

Li  erery  pioject  hitherto  sabmitted  for  storing  water  for  Bombay,  it 
\m  been  proposed  to  make  the  dams  of  earth.*  I  will  now  discuss  the 
qoestioa  whether  we  shoald  do  well  to  adopt  this  material. 

Host  of  oar  experience  of  earthen  embankments  is  obtained  in  Eng- 
land, where  it  is  almost  the  universal  custom  to  use  clay  in  preference 
to  masonry.  But  hardly  any  one  conversant  with  this  branch  of  Engi- 
neering would  say  that  the  works  of  this  kind  at  home,  taken  as  a  class, 
sre  satisfactory.  In  consequence  of  the  failure  of  some  of  them,  the 
most  frightful  catastrophes  have  occurred.  Those  who  have  given  much 
attention  to  this  subject,  will  probably  be  disposed  to  agree  with  me,  that 
the  whole  science  of  dam  construction,  must  before  long,  undergo  a  great 
diaoge.  It  is  not  generally  known  that  many  of  the  deep  reservoirs 
in  England  are  never  filled  to  the  height  to  which  it  was  originally  in- 
tended by  the  projectors,  that  they  should  be  filled.  To  prevent  any 
rick  being  incurred,  the  greatest  caution  is  exercised  at  this  present 
nunnent  in  the  management  of  these  reservoirs  The  penalty  of  failure 
is  so  awful,  that  the  surface  of  the  water  is  kept  twenty  and  thirty  feet 
Mow  the  original  proposed  level.     When  we  remember  that  high  earthen 

*  I  do  not  inclade  Mr.  Walton's  projects.  I  beliere  he  came  to  the  some  conclusion  as  myself 
nprdlBf  tiM  nperiority  of  stone  for  dams  in  tbe  Ooncan,  from  the  consideration  of  the  f aeta 
^VNgtoftriraid  in  this  Article  which  w«r«  known  to  bim. 

AOL.   II. SECOND   SBRISS.  ^ 
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dams  are  quite  a  recent  innovation,  it  is  only  natural  that  this  hranch 
of  Engineering  should  not  be  in  a  very  advanced  state. 

The  ordinary  mode  of  construction  adopted  for  works  of  this  class, 
may  be  explained  in  very  few  words.  With  a  breadth  of  from  twenty 
to  thirty  feet  at  the  top,  the  dam  slopes  towards  the  water  with  an  in- 
clination of  three  feet  in  length,  to  one  of  height,  and  in  the  opposite 
direction,  with  an  inclination  of  two  and  a  half  feet  to  one.  Along  the 
middle  of  the  dam  and  carried  down  (as  it  should  be,  though  as  it  often 
is  not)  to  a  firm  impermeable  bed,  is  a  wall  of  clay,  technically  called 
puddle.  This  wall  is  usually  about  ten  or  twelve  feet  wide  at  the  top, 
and  thickens  as  it  descends  at  the  rate  of  about  two  or  three  inches  for 
every  foot  of  vertical  distance.  On  either  side  of  the  puddle  is  placed 
what  is  termed  '  selected  material,*  that  is  generally,  the  best  that  can 
be  got  at  the  spot.  The  rest  of  the  dam  is  formed  of  almost  any  kind 
of  suitable  earth.  In  order  to  break  the  force  of  the  waves,  and  to  pre- 
vent them  from  washing  away  the  earth  underneath,  the  slope  towards 
the  water  is  usually  covered  with  a  layer  of  stones,  or  pitched,  as  it  is 
termed.  The  outer  slope  is  turfed  or  pitched,  according  to  the  judgment 
of  the  Engineer. 

It  is  the  puddle  wall  which  should  form  the  barrier  to  the  escape  of 
the  water,  and  it  is  this  part  of  the  embankment  to  which  the  Engineer 
trusts  more  than  to  any  other  for  the  safety  of  his  works.  The  greatest 
care  should  be  taken  both  in  the  selection  of  the  clay,  and  in  the  manner 
of  putting  it  in  the  embankment.  It  should  be  thrown  down  in  thin 
concave  layers,  as  should  also  the  rest  of  the  dam,  and  should  be  with 
the  rest  well  watered,  and  rammed,  and  beaten,  and  trodden  down,  so 
that  the  whole  mass  may  be  rendered  as  homogeneous  as  possible. 

Until  lately  it  was  a  common  practice  to  lay  the  outlet  or  supply  pipe 
through  or  under  the  embankment,  and,  in  some  cases,'  even  without 
preparing  a  special  foundation  for  it.*  The  great  loss  of  life  and  des- 
truction of  property  caused  by  the  bursting  of  the  Bradfield  reservoir  has, 
however,  effectually  put  a  stop  to  this  system,  and  arrangements  are 
now  generally  made  by  which  the  outlet  works  are  altogether  discon- 
nected from  the  dams.  We  have  in  fact  learnt  by  disaster,  what  common 
sense  should  have  taught  us  from  the  first.     The  dam,  being  naturally 

•  The  outlet  pipe  from  the  Vehar  Lnke,  nafortunately  for  the  town  of  Bombay,  h«i  Rleo  been 
placed  under  one  of  the  dams. 
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^weikest  part  of  ihe  reservoir,  shonld  be  that  which  we  coald  least 
iSbrd  to  endanger  by  works  liable  in  the  coarse  of  nature  to  get  oat  of 
oder.  The  practice  now  obtains  of  carrying  the  oatlet  pipe  through 
some  one  of  the  bills  standing  on  the  margin  of  the  lake. 

lh)s  being  the  English  mode  of  dam  constrnction,  let  me  now  rerert 
to  the  Continental  one. 

In  France  and  Spain,  the  two  coantries  in  which  we  find  so  many 
Iirge  leserroirs,  the  people  pnt  no  faith  in  paddle  and  earth,  except  for 
dams  of  moderate  height.  They  trost  to  masonry,  and  certainly  they 
baTe  no  reason  to  complain  of  misplaced  confidence.  It  is  quite  true 
thit  some  of  their  dams  hare  failed,  but  the  causes  of  failure  are  so  well 
bown  and  so  easily  avoided,  that  far  from  the  material  being  distrusted 
by  them  in  consequence,  their  faith  in  masonry  has,  on  the  contrary, 
Itrgely  increased,  and  is  characteristically  exemplified  by  their  later  works. 
I  donbt  whether  at  this  present  moment  there  are  three  dams  in  Eng- 
Ind  which  could  hold  water  to  the  depth  of  a  hundred  or  even  ninety  feet 
without  danger :  there  are  dams,  to  my  knowledge,  constructed  above 
this  height,  bat  they  are  not  filled,  as  I  have  already  pointed  out. 

This  state  of  things  contrasts  most  unfavorably  with  that  in  France 
ind  Spain.  Some  of  the  dams  in  the  latter  country  have  stood  for  hun- 
dreds of  years,  are  in  use  to-day,  and,  although  constructed  at  a  period 
when  science  was  but  emerging  into  light,  and  when,  therefore,  no  great 
knowledge  of  the  theory  of  the  subject  could  be  -expected,  yet,  from  their 
havmg  been  built  of  masonry,  still  answer  all  the  purposes  of  the  original 
designers. 

The  Spanish  dams  are  of  huge  proportions,  and,  having  been  built 
•eoording  to  no  generally  accepted  rules,  there  is  very  little  similarity 
between  even  any  two  of  them.  It  would,  therefore,  be  impossible  for  me 
to  give  any  description  of  them  which  should  apply  to  all.  A  better  idea 
will  be  formed  of  them  from  the  accompanying  drawing,  than  by  anything 
I  could  say,  vide  Plate  VII.  Some  of  them  have  the  mosf  grotesque 
ibnns.  One  Gros  Bois,  vide  Fig,  13,  has  a  greater  slope  on  the  wateb 
tide  than  on  the  other.  Another  that  of  the  Yal  de  Infiemo,  vide  Fig.  8, 
has  such  a  hideous  form,  that  it  naturally  suggests  the  idea  of  its  having 
been  designed  in  that  region.  Rude  though  as  these  works  seems  to  us 
by  the  light  of  modem  science,  it  is  a  greater  point  that  they  still  exist  and 
still  fulfil  their  object.     In  other  words,  they  have  been  successful  in 
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spite  of  the  errors  made  in  constracting  tbem.     It  is  not  likelj  that 
these  errors  will  be  repeated. 

The  constmction  of  roasonrj  dams  has  passed  through  a  new  stage 
within  the  last  few  jears,  and  this  in  consequence  of  the  success  of  a 
French  work,  which  is  unique  in  its  character,  as  showing  what  science 
and  art  can  really  effect  when  brought  to  bear  on  a  subject**    We  talk  in 
England  of  dams  a  hundred  feet  in  terms  of  admiration,  and  we  look  at 
such  works  almost  with  feelings  of  awe,  but  the  French  hare  constructed 
a  dam  one  hundred  and  sixty  four  feet  high,  impounding  water  up  to 
the  top,  and  successfully  resisting  the  enormous  pressure,  vide  Fig,  bf 
Plate  YII.     The  boldness  of  the  design,  and  the  constmctiye  skill  witli 
which  it  has  been  carried  out,  are  only  to  be  matched  by  the  consummate 
mathematical  knowledge  with  which  the  whole  principle  of  dam  constmc- 
tion was  previously  inrestigated.     The  French  Elngineers  hare  reason  to 
be  proud  of  their  success.    They  have  demolished  empiricism,  and  establish- 
ed something  like  law  at  last.     The  old  rule  of  thumb  principle  of  making 
every  dam  at  the  base  about  three-quarters,  in  the  middle  about  one- 
half,  and  at  the  top  about  a  quarter  of  the  height,  has  little  foundation 
in  mathematical  science.     Such  a  dam  is  far  too  thick  at  the  top,  and 
far  too  thin  at  the  bottom,  vide  Plate  VIII.,  and  there  is  an  excess  of  ma- 
terial in  the  entire  work  which,  in  a  high  dam,  so  far  from  adding  to  its 
strength,  positively  detracts  from  its  equilibrium.     But,  before  I  attempt 
to  explain  the  views  of  the  Frenchmen,  I  must  give  their  opinion  of 
earthen  dams.     It  is  not  flattering  to  us,  and  it  will  no  doubt  provoke 
surprise  among  those  whose  acquaintance  with  dams  does  not  extend  be- 
yond the  examples  existing  in  England.     If  we  did  not  find  the  impression 
contradicted  by  the  modest  tone  of  Messieurs  Graeff  and  Delocre  through- 
out their  papers,  we  might  almost  fancy  the  Frenchmen,  from  the  matter- 
of-fact  way  in  which  they  put  it,  were  quietly  laughing  at  us  in  their  sleeves. 
With  a  simplicity  that  has  almost  a  touch  of  humour  about  it,  they  say :— - 
**  It  is  not  necessary  to  consider  the  plan  of  constructing  dams  of  earth, 
which  are  things  of  chance,  when  they  attain  a  height  of  20  metres 
(65*6  feet),  and  it  is  out  of  the  question  to  use  this  construction  for  a 


•  Colonel  Fife,  R.B.,  has  Mndered  ft  great  serrice  to  the  profeMi'on  hy  the  pnblicatton  of  hli  t 
litlon  from  the  **  Ajinalei  dee  Ponto  et  OheoeiteB."  of  Meetienn  Qrveff  and  Delocre's  papen  on  tbm 
abject  of  maaonry  dMne.  It  ii  not  too  mnch  to  aay  that  thoee  who  ere  anacqaainted  with  thwe 
IMpen,  haTe  much  to  learn,  both  of  the  theory  and  practloe  of  dam  conitmct^oQ,  AU  the  lafomui- 
tton  In  P/or«  YII.  fa  taken  frpia  Ck^ooel  FUe'e  Tianable  pa«Rphle(. 


FLAIE  riL 


TlieorcticaJ  Typt  (ivftlitut  Supt) 


D«m  of  Vki  d«  tiffi#mo. 
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Omi  of  Alicante. 
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^of  50  mSires  (164  feet),  which  we  hare  now  under  confidention, 
Ak  passing  the  lesser  height,  we  hare  only  to  deal  with  dams  of 
■aowy;'* 

And  tccoT^ngly  the  Frenchmen  ntterlj  ignore  the  whole  class  of  earth- 
adims  above  65  feet  high  which  are  found  in  England.  The  case  of 
Ugketiihen  dams  they  dispose  of  in  the  snmmarj  judgment  giren  above, 
ndit  does  not  eyen  occar  to  them  that  any  one  could  hare  the  temerity 
to^Bpnte  the  point.  They  at  once  pass  on  to  the  subject  of  masonry, 
ind  I  will  now  try  and  gire  a  condensed  yiew  of  their  opinions  and 
eoDela8ion84 

A  masonry  dam  is  liable  to  be  destroyed  in  three  ways.  It  may  be  over- 
(ttmed  by  the  thrust  of  the  water.  If  may  slide  on  its  base,  or  its  joints. 
Or  It  may  cnis^  in  Tcrtically  from  its  own  enormous  weight 

lit.  There  is  no  case  on  record  of  any  dam  having  been  overturned 
Id  fact,  to  calculate  the  thickness  of  a  dam  which  shall  resist  the  pressure 
of  the  water  to  throw  it  over,  is  a  very  simple  problem.  Practically  a 
dam  which  satisOes  the  other  conditions  of  construction  will  be  found  to 
ntisfy  this  one  also.  When  those  conditions  are  satisfied,  a  simple  cal- 
culation will  settle  this  point.  We  may,  therefore,  for  the  present,  dis- 
card the  consideration  of  the  liability  of  the  dam  to  be  overturned.^ 

2nd.  There  is  no  instance  of  any  dam  having  been  destroyed  from  its 
baring  sUdden  horizontally.  This,  therefore,  is  not  an  important  point. 
After  tibe  third  condition  has  been  satisfied,  the  solution  of  a  very  simple 
equation  §  will  settle  this  question. 

•  I  belkiTVingnHU,  tlitfc  if  all  BngtUh  SngisMrs  ooaM  be  aaked,  the  ma|ori^  woold  nj  that  thla 
fajoat  aboat  the  height  at  which  dams  begin  to  be  dangerous. 

t  It  is  seoenary  I  ihoald  aay  that  the  followiag  ezpoiition  of  the  sobject  is,  and  intentionallj  » 
Mtaidcntifle,  bat  a  popular  one.  Uj  object  being  to  conv^  to  the  poblio  inch  a  riew  of  the 
qoMttoB  u  shall  be  andenitood  by  them,  I  have  parpoeely,  discarded,  ss  f ar  as  possible,  the  use  of 
tedudcsl  language,  and  hare  altogether  avoided  the  mathematics  of  the  problem.  Those  who  can 
f«  the  latter,  I  must  refer  to  Oolonei  Fife's  pamphlet,  in  which,  I  venture  to  say,  th^  wiU  not  com- 
FUn  of  the  absence  of  formnlsB,  nor  of  these  being  of  too  simple  and  elementary  a  nature. 

I  The  nenehmen  hardly  consider  this  subject  directly,  but  I  gather  it  from  some  of  their  in- 
ddrntsl  remarks,  and  from  their  method  of  mathematical  analysis. 

f "  CUling  H  the  height  of  any  oonras  behm  the  summit,  the  force  which  tends  to  produce 
riidtBgonthiseoarseiaeqaalto  the  horiaostal  component  of  thethrustof  the  water  against  the 
put  flf  the  interior  face  situated  above  that  oourse,  and  it  is  given  Igr  the  equation 

,.!f 

AenrisfaBieea  which  are  opposed  to  the  action  of  this  force  are  the  friction  of  the  two  counea 
vUck  tend  to  slide  npon  each  other,  and  the  force  of  cohesion  of  the  masonry. 

Asfrictiaoiepcoportioiialtothe  welgfat  ot  the  upper  part  of  the  straetore,  and  the  foiee  of  e»- 
iMiMto  the  tblekBeai  of  the  wall. 

CUUag/ the  oo-dBdent  of  friction  of  the  maionxy,  y  iha  fbree  of  cohesion  per  Mpcrfldal  writ,  s 
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Srd.  E^erj  dam  that  has  been  destroyed  hitherto  has  cmshed  in  from 
its  own  weight.  Nobody  can  fail  to  see  at  a  glance,  the  importance  of 
this  fact.  To  add  more  material  than  is  necessary  is  not  to  strengthen^ 
bnt  to  weaken  yoar  work.  The  old  Spanish  idea  of  making  dams  of 
hnge  proportions  on  no  mathematical  principles  at  all,  has  resulted,  as  al- 
ready mentioned,  in  some  lamentable  failures.  To  look  at  the  dam  of 
Puentes,  vide  Plate  VII.,  Fig,  7,  one  would  at  first  be  inclined  to  think 
that  such  a  cyclopean  structure  woald  almost  have  answered  to  stem  the 
tide  between  the  Pillars  of  Hercules.  But  what  is  the  fact  ?  The  giant 
succumbed  not  from  the  thrust  of  his  adversary,  but  from  his  own  weight 
In  fact  he  was  too  heavy  for  his  work.  The  ground  literally  could  not 
sustain  him,  and  in  1802  he  was  hors  de  combat.  Some  of  the  Spanish 
works  have  cost  fifty  and  even  a  hundred  per  cent,  more  than  they  need 
have,  and  are  now  subjected  to  causes  of  destruction,  which  would  not 
have  existed,  if  they  had  been  constructed  with  half  the  quantity  of  ma- 
terial better  disposed,  and  which  far  exceed  in  intensity  all  the  forces  of 
the  water  against  which  only  the  Spaniards  strove  to  contend.  In  fact,  in 
trying  to  avoid  the  dangers  of  Charybdis,  the  Spaniards  haye  fallen  on 
Scylla. 

This  then  being  the  case,  viz.,  that  the  most  important  point  in  the 
constniction  of  high  masonry  dams  is  the  consideration  of  the  causes 
which  tend  to  make  them  crush  in — the  French  Engineers  have  devoted 
great  pains  to  the  thorough  investigation  of  the  subject.  The  principle 
with  which  they  start  is  this  : — 

Suppose  a  dam  is  to  be  built  of  stone  and  mortar.    Manifestly  no  stone 

the  rorfoce  of  the  part  of  the  profile  aitaated  above  the  course  nnder  consideration » and  6  the  thick- 
neas  of  the  wall  at  that  point,  the  resistance  to  eliding  wiU  be 

and  it  is  necessary  that  we  have 

or.  ^         dH*  ^' 

This  Inequality  should  be  mified  for  all  the  horizontal  sections  of  the  profile,  bj  giving  to/  and  7 
the  yalaes  proper  to  the  materials  that  may  be  employed. 

It  is  equally  necessary  to  verify  it  for  the  base  of  the  foundations ;  /and  y  would  represent  then 
the  oo-efBcient  which  are  applicable  to  the  ground  upon  which  the  structure  rests. 

It  wUl  be  convenient  in  practice,  for  more  security,  that  not  only  should  the  ratio  2  ( — "i-^J^  1 

be  greater  than  unity,  bnt  that  it  should  not  descend  below  the  value  found  for  that  ratio  in  the 
walls  of  existing  reservoirs  which  have  not  snfTerod  injury  on  trial."  Vidt  page  M  of  CoUwel 
Fife's  Pamphlet  on  *'  Damt  iff  Matonrf," 
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cmU  be  used  unless  it  were  of  the  best,  or  at  all  events  of  a  kind  fit 
iorbulding  purposes.  Such  a  stone  must  necessarily  be  stronger  than 
Mtir.  Mortar,  therefore,  being  the  weaker  material  of  the  two,  it  is 
MH&tial  at  the  ontset  to  ascertain  the  resistance  to  compression  of  the 
pirtieiilar  mortar  proposed  to  be  nsed.  Thus,  on  the  strength  or  the 
ffilmMs  of  the  mortar^  which  is  the  strength  and  the  weakness  of  the 
dm,  most  the  calculations  for  the  form  of  the  latter  be  based.  Of  course 
I  Itrge  margin  mtiRt  be  allowed  as  a  factor  for  safety.  In  the  case  of 
ike  Forens  Dam,  the  Frenchmen  assumed  that  the  safe  amount  of  com- 
praiion  to  wbicli  their  mortar  might  be  subjected  was  80  JObs.  on  the 
iqQire  inch.  It  was  necessary,  therefore,  that  the  pressure  on  no  hori- 
lonial  layer  of  the  dam  should  exceed  this.  It  might  be  less,  as  of 
coune  it  must  be  in  every  dam  for  some  distance  from  the  top,  but  it  was 
not  to  be  more.  Assuming  then  a  practical  width  for  the  top  of  the  dam, 
tnd  proceeding  downwards,  immediately  we  come  to  that  layer  where 
tbe  pressure  approaches  80  &s.  on  the  square  inch,  we  must  commence 
increasing  the  width  of  the  layer,  so  that,  as  we  go  lower,  still  no  por- 
tion of  the  masonry  shall  be  called  upon  to  resist  more  than  the  allotted 
amount  of  compression. 

Bnt  another  point  must  be  borne  in  mind.  It  is  manifest  that  every 
dam  must  be  exposed  to  two  different  sets  of  conditions.  One  set 
when  the  reservoir  is  empty,  and  when,  in  consequence  of  there  being 
noikmg  to  relieve  the  weight  of  the  masonry,  the  pressures  on  the 
inner  face  become  most  intense,  and  the  other  set  when  the  reservoir 
is  fall,  and  when,  therefore,  in  consequence  of  the  thrust  of  the  wa- 
ter, the  pressures  on  the  outer  face  become  most  intense.  The  outer 
and  inner  faces,  therefore,  being  those  parts  of  the  dam  which  under 
different  conditions,  are  subjected  to  the  greatest  pressures,  care  must  be 
taken  that  the  pressure  of  80  lbs.  on  the  square  inch  is  not  exceeded  on 
Uie  inner  face  when  the  reservoir  is  empty,  nor  on  the  outer  face  when  it 
is  fall. 

There  is  yet  another  point  to  be  considered.  In  very  narrow  valleys 
where,  by  giving  a  curved  form  to  the  dam,  part  of  the  pressure  of  the 
water  may  be  conveyed  to  the  hills  on  the  sides,  the  dam  need  not  be  of 
M  strong  a  section  as  in  a  wide  valley,  where  it  cannot  act  as  an  arch, 
«nd  where,  therefore,  the  whole  thrust  of  the  water  must  be  borne  by  tho 
mtsonry  itself.     The  French  Engineer,  Monsieur  Delocre,  has  calculated 
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tlie  theoretical  forms  of  two  dams  to  sait  these  dififerent  positions.  These 
are  giTen  in  Figs.  1,  2,  8  and  4,  FlaU  VII. 

The  Farens  dam  is  of  the  former  type,  bat,  in  order  to  make  the  work 
a  pleasing  object  to  the  eye,*  the  faces  of  the  dam  hare  been  gracefallj 
cunred  as  shown  in  Fig.  5.f 

Haying  now  obtained  the  form  of  the  dam  according  to  the  third  of 
the  conditions  we  started  with-^yiz.^  that  the  material  shall  not  crash  in 
bj  its  own  weight — a  simple  calculation  will  at  once  prove  that  the  first 
and  second  conditions  are  also  satisfied — ^riz.,  that  the  dam  will  neither  be 
overtamed,  nor  slide  on  its  joints.  Moreorer,  certain  practical  points 
almost  natarallj  suggest  themselves,  bat  even  these  were,  I  believe,  never 
adopted  till  the  Farens  Dam  was  bailt4 

In  order  that  the  pressure  may  be  eqoally  distributed  throughout  tlie 

*  The  French  lay  groit  itraM  on  the  sasthetie  aapect  of  the  <Uun,  and  aome  of  the  objeotiont 
hnmght  against  their  work  under  thia  head,  though  they  would  be  ridiculed  by  the  so-called 
"** practical"  Bnglishmen,  were  moet  gravely  considered  by  them. 

t  Fiff,  6  is  a  section  of  the  dam  which,  in  consequence  of  the  success  of  the  Furens  work,  was 
Tmipueed  to  beconstructed  across  the  Ban,  in  alocality  where  the  lime  was  exceptionally  good.  The 
boldness  of  the  design  does  great  credit  to  the  French. 

1 1  hare  paid  a  Tisit  to  the  Furens  Lake,  and  hareezamined  it  closely.  Standing  on  the  top,  the 
•dam  does  not  look  nearly  so  grand  awork  as  it  really  is,  but  when  seen  from  below,  the  proportions 
of  the  work  at  once  impress  the  beholder  with  their  magnitude.  Aithough  the  inner  face  slopes  a 
UtUe  towards  the  water,  it  is  difficult  to  believe  that  it  is  not  perpendicular,  in  so  perfectly  a  straight 
line  does  the  wall  seem  to  descend.  The  gorge  across  which  the  dam  hss  been  built  is  a  narrow  one, 
not  more  than  about  350  feet  wide,  and  the  stone  used  in  construction  was  quarried  from  the  hills  oa 
the  side.  If  samples  of  thisstone,  which  will  be  recognised  as  gneiss,  as  also  of  the  mortar  found 
lying  about  the  dam,  are  compared  with  Bombay  building  materials,  it  will  be  seen  that  the  build- 
ing stones  of  Bombay,  which  abound  in  every  hiU  and  vallqrf  do  not  suffer  by  comparison,  nor  is 
there  any  reason  to  suppose  that  the  mortiar  is  superior  to  that  made  from  the  lime  procurable  in 
Salsette.  For  building  purposes,  I  should  prefer  the  hard  traps  of  Bombay  to  the  Furens  stone,  and 
although  my  experience  of  the  Salsette  lime  Is  small,  yet,  from  what  I  have  heard  of  its  strength,  if 
allowed  to  harden  away  from  the  influence  of  water,  I  have  no  doubt  that  the  Bombay  mortar  used 
In  a  dam  would  be  as  successful  as  wecould  wish. 

The  rock  about  the  Furens  dam  is  fissured  wherever  the  quarried  face  of  it  can  be  seen,  but 
like  the  hard  strata  about  Bombay,  I  doubt  whether  the  fissures  extend  deep  into  the  rock.  The 
faeea  exposed  to  the  air  have  an  appearance  very  similar  to  the  exposed  surfaces  of  the  Bombay 


At  the  time  of  my  visit  the  water  was  rather  low  in  the  lake,  there  being  only  about  90  ftoet 
depth  in  it;  I  had  thus  a  good  opportunity  of  examining  the  inner  face  of  the  dam.  The  masonry 
looked  as  sound  as  it  well  could,  but  as  a  work  of  art  its  Kppetjnaot  was  not  enhanced  by  the  numer- 
ous iron  rings  which  have,  for  the  purposes  of  facilitating  future  repairs,  being  fixed  in  it. 

The  surface  extent  of  the  impounded  water  is  ridiculously  small,  when  compared  with  the  great 
height  of  the  dam.  In  fact,  the  water  looks  more  like  a  long  winding  canal  than  a  lake.  Of  course 
this  is  caused  by  the  fall  of  the  stream  being  so  great,  that  even  the  dam  of  104  feet  high  does  not 
send  tiie  water  back  very  far.  The  Yehar  lake,  ae  a  waterspread,  has  a  far  more  imposing  effect. 
The  tortuous  course  of  the  stream,  which  runs  in  and  out  constantly  among  the  hills,  quite  des- 
troys the  grandeur  of  the  Furens  lake,  however  it  msy  add  to  the  beauty  of  the  scenery.  At  the 
time  of  my  visit  there  was  not  much  water  flowing  into  the  lake,  the  stream  being  about  lour  or 
five  ftat  wide,  and  only  an  inch  or  two  deep. 

Almost  the  entire  outer  smface  of  the  dam  below  the  then  waiter-lioe  was  sweating— •'.  s.,  covered 
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work,  the  dam  should  be  one  homogeceons  mass  bnilt  in  every  part  of 
fite  nme  kind  of  material.  No  interior  or  exterior  facing  of  ashlar 
flikli  may  have  a  tendency  to  separate  from  the  rest  of  the  work,  and 
M  partial  nse  of  cement  or  concrete,  mnst  be  permitted.  In  order, 
DOROTer,  to  increase  the  resistance  to  sliding,  horizontal  courses  mnst 
be  rigorously  aroided.  The  dam  mnst  simply  be  a  mass  of  unconrsed 
nbUe,  withoat  any  hollows,  ereiy  portion  resembling  the  rest  of  the 
f oik  as  closely  as  possible. 

PteTioas  to  my  acquaintance  with  the  mode  of  dam  construction 
adopted  by  the  French  Engineers,  I  had  for  many  years  been  of  opinion 
tlttt  the  ordinary  form  given  to  masonry  dams  was  wrong  in  principle, 
and  occasioned  great  waste  of  material.  I  considered  that,  with  the 
view  to  save  material,  and  in  order  to  make  the  least  quantity  of  it 
effectually  resist  the  pressure  of  the  water,  the  centre  of  gravity  of  the 
dam  should  be  thrown  inwards  as  much  as  possible,  and  that  this  could 
only  be  done  by  making  the  dam  lean  as  it  were  against  the  water.  Of 
coarae  1  was  aware  that  this  principle,  e?en  if  correct,  could  only  be 
•dopted  for  dams  of  moderate  height,*  because  when  the  height  became 
considerable,  the  vertical  pressure  of  the  masonry  itself  along  the  inner 
^  would  become  so  great,  that  the  material  must  yield  and  crush  in. 
The  perusal  of  the  French  papers  did  not  satisfy  me  that  my  position  was 

vttb  a  thin  aim  of  water  exuding  through  the  poree  of  the  stone.    I  did  not  oheerve  anything  worse 
tluD  thif,  nothing  that  could  be  termed  a  leak. 

The  vatcr  is  taken  to  the  town  of  St.  Btienne  by  a  channel  several  miles  long.  I  walked  along 
tte  entire  course  of  this  channel,  which  has  throughout  been  built  in  open  cuttings  made  on  the 
^^V*  of  the  hills.  Bven  where  the  slopes  are  rerj  precipitous,  as  they  arc  in  some  parts,  tho  chan- 
Bd  hss  been  built  in  this  way.  The  stone  excavated  in  making  the  cuttings,  which  are  from  10  to 
)B  tec  deep,  furnished  the  material  for  construction.  After  the  conduit  was  completed,  the  cut- 
^^  vers  closed  again  with  the  debris.  As  a  matter  of  oonrse,  the  channel  follows  the  conflgura. 
ttooi  of  the  hills,  but  the  hills  below  the  dam  do  not  wind  much,  so  that  open  cutting  in  the  case 
^  the  St.  Btienne  works  was  probably  found  preferable  to  tunnelling  as  in  the  case  of  Glasgow. 
As  eooduit  runs  at  a  considerable  height,  from  150  to  300  feet  or  more,  above  the  bottom  of  the 
^^*Uey.  and,  where  streams  occur,  the  water  is  made  to  pass  over  the  conduit.  There  is  not  a  ringle 
*Qwda^  ahmg  the  line.  The  slope  of  the  channel  is  tolerably  uniform  throughout,  except  at  a  few 
pBi«B,  when,  in  order  to  bring  the  water  to  a  lower  level,  it  has  been  dropped  as  much  as  20  feet  In 
'iO.  I  coQid  find  no  ventilating  shafts.  At  very  irregular  intervals,  of  from  50  to  250  yards  apart, 
Ooe  M  nanholea  leading  into  the  conduit,  but  these  are  aU  stopped  up  with  simple  slabs  of  stone,. 
■^Bttiaf  close  down  on  the  openings.  This  is  an  interesting  point  for  those  who  may  think  it  neces« 
fry  to  ventilate  channels  intended  for  the  supply  of  pure  water.  If  the  water  to  St.  Etienne  had 
*•>>  renteed  impnr«  from  the  want  of  ventilation,  we  may,  I  think  assume,  that  the  French  would 
^matmcted  tliem  before  this. 

Thffiii  moch  more  that  I  could  add  about  the  Forens  wovks,  trat  I  have  glTen  merely  those  facta 
*^haTta  q>eclal  bearing  on  the  Bombay  Water  Supply. 
*  Vor  am  Z  jet  conTineed  that  the  qnteai  wonld  not  he  the  belt  for  low  dams. 
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untenable.  Considering  that  the  question  involved  to  the  Bombay  pnblio 
the  saving  of  lakhs  of  rupees,  I  applied  for,  and  obtained  the  sanction 
of  Mr.  Crawford,  the  Municipal  Commissioner  at  the  time,  to  refer  it  to 
Mr.  Kankine.  I  thought  that  both  the  public  and  my  brother  Engi- 
neers, would  receive  with  as  implicit  confidence  as  myself,  any  views  on 
the  subject  which  Mr.  Rankine,  who  stands  at  the  head  of  the  profession 
in  its  theoretical  branch,  chose  to  communicate.  In  Appendices  A,  B,  and 
C,  will  be  found  the  correspondence  between  myself  and  Mr.  Rankinei 
and  Plates  VIII.,  and  IX.,  are  illustrative  of  the  sul^ect.* 

Mr.  Rankine  doubts  whether  any  earthen  dam  is  to  be  relied  upon  when 
the  depth  of  water  exceeds  100  or  120  feet.  He  insists  upon  rubble  ma- 
sonry without  continuous  courses  as  the  best  material,  and  upon  there 
being  no  hollows  left  in  the  wall.  He  likewise  agrees  with  the  French- 
men that  the  intensities  of  the  pressures  shall  not  exceed  certain  limits 
on  the  outer  and  inner  faces  of  the  wall.  He,  moreover,  urges  that, 
wherever  it  can  be  done,  the  dam  should  be  constructed  in  a  curved  form, 
80  as  to  relieve  the  masonry  of  as  much  thrust  as  possible  by  carrying  it 
to  the  hills  on  the  sides.  At  the  same  time  he  considers,  in  the  present 
state  of  science,  that  the  calculations  of  stability,  treating  the  dam  as  a 
horizontal  arch,  are  so  uncertain  as  to  be  of  doubtful  utility,  and,  although 
be  would  give  the  dam  a  curved  form,  yet  he  would  not  rely  on  it  as  an 
arch. 

The  main  points  on  which  Mr.  Bankine  differs  from  the  Frenchmen  are 
these  :  that  the  limit  of  pressure  on  the  outer,  need  not  be  so  great  as  that 
on  the  inner,  face,  and  that  my  proposal  to  throw  the  weight  of  the  wall 
more  inwards  tends  to  realize  this  principle,  but  he  objects  to  its  being 
carried  so  far  as  to  make  the  wall  overhang — that  the  intensity  of  pres- 
9nre  on  the  outer  face  should  not  be  the  same  throaghout,  but  gradually 
diminish  at  the  lower  part  where  the  slope  increases ;  and,  in  order  that 
there  should  be  no  appreciable  tension  at  any  point  of  the  masonry,  whe- 
ther at  the  outer  face  when  the  reservoir  is  empty,  or  at  the  inner  face 

•  I  wished  tb  diipense  with  my  own  letter  altogether,  Irat  only  in  faimeee  to  Mr.  Rvalkine,  in 
Older  to  show  what  the  qneetion  imt  to  him  wm,  and  how  it  was  ftated,  have  I  felt  bound  to  glT* 
Biy  letter.    The  reader  moat  therefore  excnee  ite  appearance  in  the  report. 

I  beg  to  draw  the  attention  of  the  profession  to  the  valae  of  Mr.  RanUne's  papers.  Th^y  throw 
a  flood  of  light  on  the  sabject,  and,  conflrming  as  they  do  in  a  remarkable  manner  most  of  the  de- 
anetions  of  the  French  Engineer,  Monsiear  Delocre,  to  whom  the  credit  of  the  Parens  Dam  belongs, 
they  onght  to  satisfy  the  Bombay  public  that  we  shall  not  go  rery  far  wrong  by  buUding  ow  dams 
en  the  principles  thaoretloally  established  by  the  highest  suthorities  in  Franca  and  Bngland,  and 
aotaally  canied  oat  in  praetioa  witb  the  grsatsst  success  in  the  former  country. 
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when  the  reserroir  is  fbll,  *^  the  line  of  resistaaee  shoold  not  deviate  from 
the  middle  of  the  thickness  of  the  wall  to  an  extent  materially  exceeding 
ooe-fiixth  of  the  thickness — t.  «.,  that  the  lines  of  resistance,  when  the 
rmerroir  is  empty  and  fnll,  respectively,  shonld  both  lie  within,  or  bnt  a 
small  distance  beyond,  the  middle  third  of  the  thickness  of  the  wall." 

Seeing  then  that  Mr.  Rankine  confirms  the  correctness  of  the  new  prin- 
ciples on  which  the  Fnrens  Dam  has  been  boilt,  and  bearing  in  mind  the 
great  snccess  of  this  work,  let  me  point  oat  what  the  practical  resolt  of 
these  new  theories  is. 

According  to  the  old  rale,  the  average  thickness  of  the  wall  is  aboat  half 
the  weight.  Now  it  is  a  little  more  than  one-third  the  height.  The  sar- 
iog  in  material  amounts  to  more  than  twenty-five  per  cent. !  This  saving 
on  any  project  which  may  now  be  carried  oat  for  Bombay,  will  represent  a 
large  som  of  money. 

Althoagh  I  hare  parposely  not  referred  to  the  point,  still  the  reader 
wi]l  understand  at  once  that  dams  of  solid  masonry,  with  their  enormous 
veight,  are  only  suited  to  sites  where  foundations  of  solid  unyielding  rock 
are  found.  The  French  Engineers  insist  on  this  as  a  sine  qud  non,  point- 
mg  out  that  merely  an  ordinarily  good  foundation,  or  one  on  which  we 
might  safely  trust  many  other  structures,  will  not  suffice  for  masonry  dams. 
If  solid  rock  is  not  found,  the  idea  of  a  heavy  masonry  dam  must  be  aban- 
doned at  once,    Mr.  Rankine  expresses  the  same  views  in  other  words. 

This  brings  me  to  the  point  where  the  subject  interests  the  Bombay 
pablic  80  closely. 

In  the  elucidation  and  investigation  of  projects  we  Engineers  must 
necessarily  be  to  a  great  extent  theorists,  but  in  the  application  of  our 
science,  we  must  be  practical  men.  Masonry  dams  may  be  very  good 
things  in  their  way,  but  are  they  better  suited  than  earthen  dams  to  the 
coontry,  where  our  reservoirs  would  be  situated,  because  this  is  the  whole 
gist  of  the  matter  ? 

It  is  the  consideration  of  this  very  point  which  induces  me  to  adopt 
the  former.  The  Goncan  is  a  country  far  better  suited  to  masonry  than 
to  earthen  embankments.  Good  clay  for  puddle,  the  essential  part  of 
every  earthen  dam,  is  not  to  be  found.  The  only  clay  available  is  that 
obtained  in  paddy  fields,  which  after  all  is  impregnated  with  a  great  deal 
of  vegetable  matter  liable  to  decay.  Those  remarkable  beds  of  stiff  clay 
found  in  so  many  parts  of  England  do  not  exist  here.     The  fact  of  the 
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difficnlty  of  procuring  clay  sufficiently  good  for  bricks,  even  is  Itself  ft 
significant  fact,  indicating  the  general  absence  of  this  materal. 

On  the  other  hand,  stone,  the  very  best  stone  wiiich  the  most  exacting 
Engineer  could  wish  for,  lies  in  untold  abundance  almost  everywhere 
under  his  very  feet,  and  in  nearly  erery  hill.  Still  further,  there  are  but 
few  sites  for  dams  in  the  country  about  Bombay  where  a  foundation  of 
solid  rock  does  not  exists  either  at  the  very  surface,  or  at  a  moderate  depth 
below  it,  and  where  stone  may  not  be  procured  on  the  site  itself.  In  fact, 
the  question  as  to  whether  there  is  a  stone  foundation  and  abundance  of 
rock  has  generally  been  dismissed  by  me  in  a  few  moments  by  the  plain- 
est evidence  which  any  Engineer  could  require,  but  the  question  as  to 
whether  there  would  be  sufficient  puddle  or  even  earth  has  demanded  grave 
consideration.  Let  me  explain,  by  way  of  illustration,  the  sites  for  the 
dams  in  those  valleys  which  demands  investigation. 

The  Kennery  Dam  would  stand  over  a  river,  the  bottom  of  which  is 
solid  trap  rock,  and  would  rest  against  two  hills,  which  also  are  rock,  and 
there  is  enough  stone  at  the  site  to  build  a  hundred  Great  Pyramids. 
Gk>od  earth  could  not  be  procured  except  at  the  distance  of  a  mile,  and,  as 
for  clay,  we  should  have  to  search  the  country  all  around,  or  else  denude 
the  paddy  fields,  within  a  radius  of  two  miles  from  the  work,  of  the  mate- 
rial which  renders  land  of  this  class  so  valuable,  and  would  to  us  be  so 
expensive. 

The  Toolsee  Dam  higher  up  in  this  valley  is  equally  well  situated  for 
a  work  of  stone,  and  very  badly  situated  for  one  of  clay  and  earth. 

The  Ewoor  Dam  would  stand  on  a  site  still  more  favorable  for  rock 
than  even  the  Kennery  Dam,  and  I  need  not,  therefore,  dwell  at  all  on  it. 

The  Kamun  Dam  is  the  only  one  of  those  proposed  by  me  which 
might  be  built  of  earth ;  but  even  here  I  should  prefer  stone  as  the  best 
material.  The  dam  would  be  considerably  higher  than  the  limit  of  safety 
for  earthen  embankments,  according  to  the  French  Engineers,  and  would 
reach  the  limit  fixed  by  Mr.  Rankine,  and  rock  is  not  found  except  at 
about  twenty  feet  from  the  surface  of  the  ground.  There  is  abundance 
of  stone  in  the  adjacent  hills,  and  there  is  also  plenty  of  earth  and  clay 
in  the  valley  for  our  purposes,  but  it  is  doubtful  whether  the  clay  is  suffi- 
ciently retentive  to  keep  out  the  water.  8hafts  were  sunk  through  the 
earth  and  clay  twenty  feet  deep,  but  was  found  impossible  to  keep  them 
dry  by  mere  ordinary  baling. 
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The  bed  of  the  liTer  at  the  site  of  the  Shewla  Dam  is  rock,  bat  the 
kills  on  iht  ndes  haye  not  a  solid  appearance  on  the  surface.  They  are, 
monorer,  so  low,  that  they  give  one  the  impression  of  baTing  been  worn 
Awiy  in  consequence  of  the  softness  of  the  material  of  which  they  are 
eomposed.  There  is  abundance  of  paddy-field  clay,  but  none  of  any  other 
kind  has  bem  obserred  by  me.  The  height  of  the  dam,  96  feet,  as  pro- 
poied  by  Mr.  Aitken,  would,  howerer,  render  it  advisable  not  to  run  the 
risk  of  an  earthen  constmction. 

The  Tansa  riyer  runs  on  a  bed  of  solid  rock,  which  is  exposed  to  riew 
ilmost  eyerywhere  along  its  course,  but  is  yery  plainly  yisible  at  the  site 
of  the  dam,  where  the  surface  is  as  smooth  as  a  floor.  The  yery  character 
of  the  gap  through  which  the  riyer  passes,  tells  us  that  the  strata  must  be 
rock.  Ou  one  side  the  bank  rises  so  abruptly,  that  it  is  difficult  to  climb 
it,  and  on  the  other  side  also  there  is  eyery  indication  of  solid  rock.  If 
the  strata  had  been  soft,  the  riyer,  instead  of  running  through  a  narrow 
channel,  would  probably  haye  washed  away  a  great  part  of  the  yalley. 
The  rock,  in  fact,  has  held  the  riyer  in  its  hand,  and  defies  it  eyen  now 
to  wander  at  all  from  its  present  course.  It  is  almost  absurd  of  me  to 
ny  that  there  is  abundance  of  the  best  stone  for  building  purposes :  ex- 
cepting a  superficial  deposit  of  moorum  and  boulders,  there  is  literally 
nothing  else.  The  whole  country  is  stone.  Material  of  the  first  quality 
luight  be  quarried  almost  in  any  spot  taken  at  hap-hazard  near  the  dam. 
On  the  other  hand,  the  only  clay  there  is,  would  have  to  be  brought  from 
paddy  fields,  two  miles  away  from  the  spot. 

Let  me  add  to  all  this  the  advantage  of  masonry  over  earthen  dams, 
pointed  out  by  Mr.  Omiiston,  and  in  which  I  cordially  agree  with  him  : — 

"If  masonry  dams  are  properly  constructed,  they  are  more  satisfactory 
tban  earthen  dams :  a  leak  in  the  one  is  only  so  much  loss  of  water,  in 
the  other  it  may  be  destruction."* 

This  point  is  well  put,  and  is  worthy  of  the  greatest  consideration  by 
Ae  people  of  Bombay. 
Let  me  now  sum  up  the  case  of  masonry  against  earthen  dams. 
We  are  warned  by  those  who  have  a  great  claim  to  be  heard  on  the 
•nbject,  that  dams  of  earth  over  65  feet  in  height  are  **  things  of  chance." 

*  FM«  his  **  Memonndna  **  on  tbt  Tooliee  Scheme.  On  this  imporUnt  point,  I  mm  glad  in- 
Acad  to  he  able  to  qnote  Ifr.  Ormitton,  an  Engineer  of  imch  great  experience,  and  in  wboee  jodg- 
Mni,  the  Bench,  and  rigktly  «»,  place  mach  eenMence. 
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Oar  greatest  English  authority  limits  us  to  100  or  to  120  feet  only. 
There  is  no  good  clay  in  the  country.  There  is  ahundanco  of  the  best 
rock.  All  our  sites  are  better  suited  to  masonry  than  to  earth.  None 
of  our  dams  would  be  lower  than  the  limit  of  safety  laid  down  by  the 
French.  Two,  Eamun  and  Tansa,  would  reach  the  limit  suggested  by 
Mr.  Rankine.  Two,  Kennery  and  Ewoor,  would  exceed  even  this  limit. 
Lastly,  earthen  dams  with  leaks  are  liable  to  destruction,  sometimes  to  a 
very  sudden  one,  causing  immense  loss  of  life  and  property,  whereas 
masonry  dams  with  leaks  are  always  safe  against  sudden  destruction,  and 
never  liable  to  be  washed  away  bodily  at  all. 

Thus  then  it  will  be  seen,  I  trust,  that  the  case  of  earthen  dams  when 
inquired  into  breaks  down  lamentably. 

On  all  the  above  considerations,  and  bearing  in  mind  that  the  well- 
being  of  a  population  approaching  three-quarters  of  a  million  in  number 
is  concerned,  the  public,  with  the  examples  of  the  Yehar  Dams  before 
them,  will  no  dotrbt  agree  with  me  that  the  town  should  set  its  face 
against  works  involving  danger  or  even  insecurity,  and  should  insist  on 
that  class  of  work  being  carried  out,  which  will  relieve  them  of  their 
present  anxiety,  and  be  as  little  a  source  of  anxiety  to  them  as  possible 
even  in  the  future. 


Appendix  A. 
Fr&m^-The  Executive  Engineer,  Municipality, 
To — Professor  W.  J,  M.  Rankine,  University,  Glasgow, 

Sir, — For  some  years  I  have  had  a  conviction  that  the  mode  of 
constructing  high  embankments  for  the  purpose  of  impounding  water 
usually  adopted  by  the  profession  is  faulty.  I  consider  the  fact  of  the 
puddle  wall  in  the  middle  of  the  dam  being  virtually  all  the  resistance 
that  the  dam  can  bring  to  bear  against  the  water,  renders  all  our  dams 
far  too  weak.  My  mind  has  been  led  on  to  the  subject  of  masonry  dams, 
and  the  best  mode  of  constructing  th^m.  A  few  months  ago  I  accidently 
came  across  the  work  which  you  will  receive  along  with  this  letter.*  I 
do  not  know  whether  you  have  ever  read  the  papers  contained  in  it,  bat 
I  have  no  doubt  that  they  will  prove  very  interesting  to  you.  Yon  will 
there  see  that  while  England  possesses  hardly  a  single  dam  which  is 

•  ColoxMl  Fite'i  |w«n»hlet  on  **  Damf  of  Xaaowy." 
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eonndered  perfecUj  safe  with  a  pressare  of  100  feet,  the  Frencli  hare 
coMtracted  one,  and  with  the  greatest  euccese,  166  feet  high.  Not  a 
drop  of  water  escapes  from  this  masonry  work.  The  principles  on  which 
the  Forens  dam  is  constmcted  are  fully  explained  in  the  book.  I  was 
f^  much  Btmck  with  the  work,  bnt  I  am  still  not  disposed  to  abandon 
la  idaa  which  I  haye  all  along  had  regarding  the  constmction  of  dams. 

hi  the  bnilding  of  the  Farens  dam,  three  points  were  considered.  The 
dim  might  slide,  the  dam  might  be  oyertnmed,  and  it  might  yield  by  the 
eompression  of  its  own  weight.  No  case  of  a  dam  haring  erer  slidden  is 
on  record.  The  tendency  to  failure  in  this  respect,  especially  if  the  wall 
is  of  uncoursed  rabble,  is  so  small  that  it  was  discarded  in  the  cal- 
eolstions.  Again,  no  dam  has  ever  been  OTertnmed.  Erery  dam,  in  fact, 
has  been  strong  enough  to  resist  the  mere  pressure  of  the  water.  To 
make  a  wall,  tiierefore,  to  stand  against  a  certain  head  of  water,  disregard- 
ing other  considerations,  is  a  simple  enough  problem.  Lastly,  every  dam 
has  giren  way  by  its  own  compressing  force,  and  the  French  Engineers, 
as  1  understand  them,  say  that,  haying  provided  a  certain  thickness  of  wall 
to  resist  the  mere  pressure  of  the  water,  the  best  and  cheapest  distribution 
of  the  material  would  be  that  in  which  the  weight  was  evenly  and  equally 
distributed  throughont.  Beyond  all  doubt,  in  my  humble  opinion,  they 
hare  constructed  a  work  which,  considered  either  in  its  scientific  or  aesthetic 
aspect,  has  put  into  the  shade  all  works  of  a  similar  nature  ever  before 
constructed.  But,  in  spite  of  this,  I  think  a  still  more  effective  disposal 
of  the  material  with  a  less  quantity  may  be  made,  and  one  which  to  the 
eje  will  present  as  pleasing  and  as  imposing  an  aspect. 

My  idea  is  this,  that  up  to  that  height  9f  the  dam  below  which  the  water 
is  not  intended  to  sink,  the  embankment  should  lean  as  it  were  against 
the  water.  Of  course  I  see  the  objection  which  French  Engineers  would 
make,  that  in  this  case  we  add  very  much  to  the  weight  to  be  borne  by 
the  inner  portion  of  the  wall,  causing  it  to  slip  downwards ;  bnt  still  we 
rarely  cannot  reach  anything  like  the  point  of  compression  by  adopting 
this  method  for  dams  of  the  ordinary  heights.  They  would  not  be  likely 
to  slip.  There  can  be  no  doubt  that  we  should  be  able  to  make  a  great 
laving  in  material,  for  the  power  of  a  dam  (constructed  as  I  propose)  to 
resist  the  pressure  of  the  water  to  overturn  it  would  be  considerably 
increased.  As  the  problem  to  be  rigorously  calculated  requires  the  higher 
methods  of  mathematical  analysis,  I  have  applied  and  obtained  the  per- 
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mission  of  the  Mimicipal  Commissioner  of  this  town  to  sabmit  it  to  yon. 
What  I  should  like  is  a  rigorous  mathematical  solution,  and  after  this  the 
practical  effect  of  the  proposition.  I  may  be  quite  wrong,  but  Mr.  Craw- 
ford is  of  opinion,  that  the  highest  authority  should  be  consulted  on  so 
important  a  subject,  which  involves  the  saving  of  thousands  of  pounds. 

I  send  you  a  plan  showing  the  Fnrens  dam,  and  approximately  the 
section  which  I  would  propose  to  give,  vide  Plate  VIII. 

We  should  feel  obliged  if  you  would  have  a  section  of  the  best  form  of 
dam  drawn  out,  according  to  your  calculations,  both  for  short  and  long 
dams.  The  French  Engineers  propose,  as  I  understand  them,  the  same 
form  for  dams  of  all  heights,  so  that,  taking  the  Furens  dam  at  165  feet 
high,  the  best  form  for  a  dam  100  feet  high  would  be  simply  to  take  the 
Furens  section  for  the  upper  hundred  feet.  Perhaps  one  uniform  section 
may  not  be  possible  according  to  your  calculations,  in  which  case  a  sketch 
showing  dimensions  of  all  dams,  from  say  50  to  1 65  feet  (by  tens  of  feet), 
would  be  very  convenient. 

I  should  inform  you  that  the  materials  for  which  the  dams  should  be 
calculated  are  rubble  masonry,  made  with  a  fairly  hydraulic  (natural)  lime 
and  hard  trap  rock,  the  resistance  of  which  rock  to  crushing,  and  the  weight 
of  which  might  be  taken  the  same  as  for  granite. 

We  should  also  desire  your  opinion  as  to  whether  coursed  or  rubble 
masonry  would  be  the  best  on  all  accounts.  Of  course  yon  will  see  my 
object  is  to  reduce  the  mass  of  masonry  as  much  as  I  can,  and  I  endea- 
vour to  do  so  by  throwing  the  centre  of  gravity  of  the  dam  as  far  forward 
(towards  the  water  side  I  mean)  as  possible,  and  thus  immensely  strength- 
ening the  dam^s  resistance  to  the  power  of  the  water  to  overturn  it. 
My  object,  moreover,  in  giving  the  upper  portion  of  the  dam  a  reverse 
slope  is  to  throw  its  weight  back  as  much  as  possible,  and  thus  to  reliere 
the  front  of  the  wall  from  as  much  compressing  force  as  I  can.  This  portion 
of  the  dam  is  not  always  subjected  to  the  pressure  of  water,  but  may  or  may 
not  be  according  as  the  reservoir  is  full  up  to  its  intended  height  or  empty. 

The  section  which  I  have  drawn,  as  an  illustration  of  my  idea,  I  need 
hardly  say,  has  not  been  calculated  out.  It  is  of  no  particular  dimenflions, 
and  merely  a  rough  illustration  of  what  is  intended. 

Any  remarks  which  you  might  like  to  make  on  the  fVench  Engineer's 
papers  would  be  very  acceptable. 

H.  T. 
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Appendix  B. 

Jtepori  an  the  Design  and  Construction  of  Masonry  Dams,* 
By  Professor  W.  J.  M.  Rankme,  C.E.,  ^c. 

1.  I  btTe  carefully  considered  the  letter  of  Captain  Talloch,  R.E., 
Exec.  Engineer  of  the  Municipality  of  Bombay,  dated  the  10th  December, 
1870,  on  the  subject  of  Masonry  Dams  or  Reservoir  Walls  of  great 
hei^t,  and  also  the  papers  on  the  same  subject  by  M.  Graeff  and  by  M. 
Belocre,  which  appeared  in  the  "  Annales  des  Fonts  et  Chanssees." 
Tbese  last  I  have  studied,  both  in  the  original,  and  in  the  very  faithful 
tnnslation  by  Col.  J.  G.  Fife.  I  have  also  made  mathematical  inresti- 
fitions  as  to  the  proper  figure  and  dimensions  of  such  dams,  wliich  are 
giren  in  Appendix  C. 

2.  As  regards  the  material  best  suited  for  a  Beservoir  Wall  or  em- 
bankment, I  consider  that  it  must  be  determined  by  the  nature  of  the 
foundation.  That  foundation  should  be  sound  rock,  if  practicable,  and 
fihoold  a  rock  foundation  be  unattainable,  firm  impervious  earth.  It  may 
be  doubted  whether  any  earthen  foundation  is  thoroughly  to  be  relied  on 
where  the  depth  of  water  exceeds  100  or  120  feet.  It  is  not  advisable  to 
boild  a  masonry  dam  on  an  earthen  foundation ;  for  the  base  of  the  dam 
mtttt  be  spread  to  a  width  sufficient  to  distribute  the  pressure,  so  that  it 
Bhall  not  be  more  intense  than  the  earthen  foundation  can  bear ;  and  this 
involves  the  use  of  a  quantity  of  material  which  would  lead  to  immoderate 
eipense  if  the  material  used  were  masonry. 

3.  In  the  case  of  a  rock  foundation,  the  proper  material  is  unquestion- 
ably rabble  masonry,  laid  in  hydraulic  mortar ;  and  the  opinion  of  M. 
(^rueff,  that  continuous  courses  in  building  that  masonry  are  to  bo  avoid- 
ed, is  folly  corroborated  by  experience ;  for  the  bed-joints  of  such  courses 
tend  to  become  chancels  for  the  leakage  of  the  water. 

4.  The  very  fact,  however,  of  the  irregular  structure  of  that  masonry, 
lenders  necessary  unusual  care  and  vigilance  in  superintending  its  erec-- 
tion,  in  order  to  insure  that  every  stone  shall  be  thoroughly  and  firmly 
bedded,  and  that  there  shall  be  no  empty  hollows  in  the  interior  of  the 
wall,  nor  spaces  filled  with  mortar  alone  where  stones  ought  to  be  placed. 
The  practice  of  "  grouting,"  or  filling  hollows  by  pouring  in  liquid  mortar 
shonld  be  strictly  prohibited. 

*  flau  IX.  Ib  a  copy  of  Ur.  BanUne's  Propoaed  Dam.  PlaU  YIH.  gives  some  useful  information 
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5.  With  respect  to  the  profile  of  the  wall,  its  fignre  is  in  the  main  to 
be  determined  by  principles  nearly  the  same  with  those  laid  down  by  the 
French  Engineers  already  referred  to,  and  pnt  in  practice  in  the  dams  of 
the  rivers  Furens  and  Ban,  that  is  to  say,  the  intensity  of  the  vertical 
pressure  at  the  inner  face  of  the  wall,  should  at  no  point  exceed  a  certain 
limit,  when  the  reservoir  is  empty;  and  the  intensity  of  the  vertical 
pressure  at  the  outer  face  of  the  wall  should  at  no  point  exceed  a  certain 
limit  when  the  reservoir  is  full. 

6.  In  the  theoretical  investigations  of  M.  Dclocre  and  the  practical 
examples  given  by  M.  Graeff,  the  same  limit  is  assigned  to  the  intensity 
of  the  vertical  pressure  at  both  faces  of  the  wall.  But  it  appears  to  me 
that  there  are  the  following  reasons  for  adopting  a  lower  limit  at  the 
outer,  than  at  the  inner  face.  The  direction  in  which  the  pressure  is 
exerted  amongst  the  particles  close  to  either  face  of  the  masonry,  is 
necessarily  that  of  a  tangent  to  that  face ;  and,  unless  the  face  is  vertical, 
the  vertical  pressure,  found  by  means  of  the  ordinary  formulae  is  not  the 
whole  pressure,  but  only  its  vertical  component ;  and  the  whole  pressure 
exceeds  the  vertical  pressure  in  a  ratio  which  becomes  the  greater,  the 
greater  the  "  batter,"  or  deviation  of  the  face  frpm  the  vertical.  The 
outer  face  of  the  wall  has  a  much  greater  batter  than  the  inner  face ; 
therefore,  in  order  that  the  masonry  of  the  outer  face  may  not  be  more 
severely  strained  when  the  reservoir  is  full,  than  that  of  the  inner  face 
when  the  reservoir  is  empty,  a  lower  limit  mast  be  taken  for  the  intensity 
of  the  vertical  pressure  at  the  outer  face,  than  at  the  inner  face. 

7.  The  proposal  of  the  Executive  Engineer,  to  throw  the  weight  of 
the  wall  further  inwards  than  in  the  French  designs,  tends  to  realize  the 
principle  just  stated ;  and  so  far  I  fully  approve  of  it,  and  have  carried 
it  out  in  the  profile  which  accompanies  this  report. 

8.  I  do  not,  however,  concur  with  the  Executive  Engineer  in  the 
proposal  to  throw  the  weight  of  the  wall  so  far  inwards  as  to  make  it 
overhang,  for  the  following  reason  :  the  additional  stability  against  the 
horizontal  thrust  of  the  water,  gained  by  giving  the  wall  an  overhanging 
batter  inwards,  is  not  that  due  to  the  whole  weight  of  the  overhanging 
masonry,  but  only  to  the  excess  of  that  weight  above  the  weight  of  water 
which  it  displaces  ;  in  other  words,  about  half  the  effect  of  the  weight  of 
the  overhanging  mass  of  masonry  in  giving  stability  is  lost  through  its 
buoyancy ;  and  h^nce  the  additional  stability  gained  by  making  the  wall 
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flfrerbang  invards,  Is  not  proporiionate  to  the  additionAl  load  thrown 
Qpon  the  lower  parts  of  the  inner  face ;  and  more  stability  would  be  gain- 
ed hj  placing  a  gi^en  mass  of  masonr/y  so  ae  to  form  an  nniform  addition 
to  the  thickness  of  the  wall,  than  by  making  it  overhang  inwards. 

9.  In  choosing  limits  for  the  intensity  of  tbe  vertical  pressure  at  the 
ber  tod  outer  faces  of  the  wall  represented  by  the  accompanying  profile, 
I  We  not  attempted  to  deduce  the  ratio  which  those  quantities  ought 
to  betr  to  each  other  from  theory  of  the  distribution  of  stress  in  a  solid 
bodj ;  for  the  data  on  which  any  such  theoretical  determination  would 
hire  to  be  based  are  too  nncertain.  The  limits  which  I  bave  chosen,  are 
as  follows,  and  they  are  given  in  the  first  place,  in  feet  of  a  vertical 
colamn  of  masonry,  whose  weight  would  be  equivalent  to  the  pressure ; 
tod  are  then  reduced  to  various  other  measures : — 

Umite  of  y  flrtifCMd  FreHore  ai  Inner  face.  Outer  foo«. 

Feet  of  Masonry,         160  ••  125 

„       Water,  ..         •  820  ••  250 

Lbs.  on  the  sqoare  foot  (nearly),      ..  20,000  .  •  15,625 

Metres  of  Masonry  (nearly), . .         ••  49  • .  88 

„        Water  (nearly^ 98  ..  76 

Kilog.  on  the  square  centimetre  (nearly),     9*8  •  •  7*6 

In  choosing  these  two  limits,  I  have  been  guided  by  the  consideration 
of  the  following  facts.  As  regards  the  inner  face,  where  the  deviation  of 
tlie  direction  of  the  stress  from  the  vertical  is  unimportant,  it  is  certain, 
from  practical  experience,  that  rubble  masonry,  laid  in  strong  hydraulio 
mortar  and  good  rock  foundations,  will  safely  bear  a  vertical  pressure 
equivalent  to  the  weight  of  a  column  of  masonry  1 60  feet  high,  if  not  higher. 
As  regards  the  outer  face,  the  practical  data  given  by  M.  Graeff  show  that 
masonry  of  the  same  quality,  in  tbe  sloping  outer  face  of  a  dam,  will  safely 
bear  a  pressure  whose  vertical  component,  as  found  by  the  ordinary  ruleS| 
18  equivalent  to  the  weight  of  a  column  125  feet  high. 

10.  The  same  reasons  which  show  that  the  intensity  of  the  vertical 
eomponeots  of  the  pressure  ought  to  be  less  for  a  battering  than  for  a  ver- 
bal faoe,  ahow  also  that  this  intensity  ought  gradually  to  diminish  at  the 
lower  part  of  the  outer  face,  where  the  batter  gradually  increases.  In  ihe 
present  state  of  oar  knowledge,  we  should  not  be  warranted  in  framing 
toy  definite  theory  as  to  the  law  which  this  diminution  ought  to  follow;  and, 
tli«refofe,  in  preparing  the  accompanying  design,  I  have  thought  it  best 
to  be  guided  in  this,  as  in  the  previous  case,  by  practical  examples,  and  to 
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consider  it  sufficient  to  make  the  law  of  dimination  sach,  that  at  the  depth 
of  150  feet  below  the  surface,  the  intensity  of  the  vertical  component  of 
the  pressure  at  the  outer  face  becomes  nearly  equal  to  what  it  is  at  the 
same  depth  in  the  outer  face  of  the  dam  across  the  Furens — yiz.,  107 
feet  of  masonry,  or  about  6^  kilogrammes  on  the  square  centimetre. 

11.  I  ha?e  kept  in  view  another  principle,  not  referred  to  by  the  French 
authors — yiz.,  that  there  ought  to  be  no  practically  appreciable  tension  at 
any  point  of  the  masonry,  whether  at  the  outer  face  when  the  reservoir  is 
empty,  or  at  the  inner  lace  when  the  reservoir  is  full.  Experience  has 
shown  that  in  structures  of  brickwork  and  masonry  that  are  exposed  to  the 
overturning  action  of  forces,  which  fluctuate  in  amount  and  direction  (as 
when  a  factory  chimney  is  exposed  to  the  pressure  of  the  wind),  the  ten- 
dency  to  give  way  first  shows  itself  at  that  point  at  which  the  tension  is 
greatest.  In  order  that  this  principle  may  be  fulfilled,  the  line  of  resist- 
ance should  not  deviate  from  the  middle  of  the  thickness  of  the  wall,  to  an 
extent  materially  exceediug  one-sixth  of  the  thickness.  In  other  words, 
the  lines  of  resistance  when  the  reservoir  is  empty  and  full,  respectively, 
should  both  lie  within,  or  but  a  small  distance  beyond,  the  middle  third  of 
the  thickness  of  the  wall. 

12.  As  regards  the  effect  of  giving  the  wall  a  curvature  in  plan,  convex 
towards  the  reservoir,  I  look  upon  this  as  a  desirable,  and  in  many  cases 
an  essential  precaution,  in  order  to  prevent  the  wall  from  being  bent  by  the 
pressure  of  the  water  into  a  curved  shape,  concave  towards  the  water,  and 
thus  having  its  outer  face  brought  into  a  state  of  tension  horizontally, 
which  would  probably  cause  the  formation  of  vertical  fissures,  and  perhaps 
lead  to  the  destruction  of  the  dam.  I  consider,  however,  that  calculations 
of  stability  which  treat  the  dam  as  a  horizontal  arch  are  so  uncertain  as 
to  be  of  very  doubtful  utility  ;  and  I  would  not  rely  upon  them  in  design- 
ing the  profile.  In  fixing  the  radius  of  horizontal  curvature,  I  consider 
that  the  Engineer  should  be  guided  by  the  form  of  the  gorge,  in  which  the 
dam  is  to  be  built,  making  that  radius  as  short  as  may  be  consistent  with 
convenience  in  execution,  and  with  making  the  ends  of  the  dam  abat  nor- 
mally against  the  sound  rock  at  the  sides  of  the  gorge. 

18.    The  conditions  which  have  been  observed  in  designing  the  aocom- 
panying  profile,  may  be  summed  up  as  follows  : — 
A.    The  vertical  pressure  at  the  inner-  face  not  to  exceed  160  feet  of 
masonry ; 
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B.  The  Teitical  pressure  at  the  outer  face  not  to  exceed  125  feet  of 

masonry  at  the  point  where  it  is  most  intense,  and  to  diminish 
in  going  down  from  that  point ; 

C.  The  lines  of  resistance  when  the  reservoir  is  full  and  empty,  respect* 

ifely,  to  he  within,  or  near  to  the  middle  third  of  the  thickness 
of  the  wall.     These  are  limiting  conditions,  and  do  not  prescribe 
exactly  any  definite  form. 
In  choosing  a  form  in  order  to  fulfil  them  without  any  practically  im- 
portant excess  in  the  expenditare  of  material  beyond  what  is  necessary,  I 
have  been  gmded  by  the  consideration,  that  a  form  whose  dimensions,  sec- 
tional area,  and  centre  of  gravity,  under  different  circumstances,  are  found  by 
short  and  simple  calculations,  is  to  be  preferred  to  one  of  a  more  complex 
kind,  when  their  merits  in  other  respects  are  equal ;  and  I  have  chosen 
logarithmic  curves  for  both  the  inner  and  the  outer  faces. 

14.  The  constant  subtangent  common  to  both  curves  (marked  AD  in 
the  drawing)  is  80  feet ;  this  bears  relations  to  the  vertical  pressures  which 
sre  stated  in  the  Appendix. 

The  thickness  CB  at  120  feet  below  the  top  is  84  feet ;  and  of  this  one- 
fourteenth,  AC  =  6  feet,  lies  inside  the  vertical  axis  OX,  and  thirteen- 
foorteenths,  AB,  78  feet,  outside  that  axis.  The  formula  for  the  thick- 
ness t  at  any  depth  x^  helow  the  top,  is  as  follows : — 

.  =  ^.e^  W. 

or  m  common  logarithms 

log  t  =  log  t,  +  0-4848  ?^»  (lA), 

in  which  a  denotes  the  subtangent  (80  feet),  and  t^  the  given  thickness 
(84  feet)  at  the  given  depth  (120  feet)  below  the  top.  The  thickness  at 
the  top  is  18-74  feet. 

15.  In  the  profile,  horizontal  ordinates  are  drawn  at  every  10  feet  of 
depth  from  the  top  down  to  180  feet,  and  their  lengths,  from  the  verti- 
cal axis  OX  to  the  inner  faces,  respectively,  are  marked  in  feet  and  deci- 
mals. In  each  case  those  ordinates  are,  respectively,  one-fourteenth  and 
thirteen-fourteenths  of  the  thickness.  Intermediate  ordinates  at  inter- 
▼tis  of  5  feet  can  easily  be  calculated,  if  required,  by  taking  mean  pro- 
portionals between  the  adjacent  pairs  of  ordinates  at  interrals  of  10  feet. 

16.     The  sectional  area  of  the  wall  from  the  top  down  to  any  given 
depth,  is  found  by  multiplying  the  constant  subtangent  (a  =  80  ieet)  by 
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the  difference  {t  --  h)  between  the  thickness  at  the  top,  and  at  the  giren 
depth ;  that  is  to  say 

y*  tdx=za  (t-to) (2). 

]  7.  The  vertical  line  through  the  centre  of  gravity  of  the  part  of  the 
wall  above  a  given  horizontal  plane,  stands  midway  between  the  middle  of 
the  thickness  at  the  given  horizontal  plane,  and  the  middle  of  the  thick- 
ness at  the  top  of  the  wall ;  and  thus  have  been  found  points  in  the  curve 
marked  "  Line  of  Resistance,  Reservoir  Empty." 

18.  Supposing  the  reservoir  filled  to  the  level  of  the  top  of  the  wall, 
the  moment  of  the  pressure  exerted  horizontally  by  the  water  against 
each  unit  of  length  of  wall  from  the  top  down  to  a  given  depth  {x)  is 
found  by  multiplying  the  weight  of  a  cubic  unit  of  water  by  one-sixth  of 
the  cube  of  the  depth ;  and  if  we  take,  for  convenience,  the  weight  of  a 
cubic  unit  of  masonry  as  the  unit  of  weight,  and  suppose  the  masonry  to 
have  twice  the  heaviness  of  water,  this  gives  us,  for  the  moment  of  hori- 
zontal pressure, 

M=ij (3). 

19.  The  moment  of  horizontal  pressure,  expressed  as  above  stated, 
being  divided  by  the  area  of  cross -section  above  the  given  depth,  gives 
the  horizontal  distance  at  the  given  depth  between  the  lines  of  resistance 
with  the  reservoir  empty,  and  full,  respectively ;  that  is  to  say 

M      _          x^ 
ftim        12 a  (t^i^  (4). 

and  thus  have  been  found  points  in  the  curve  marked  <'  Line  of  Resistanoe^ 
Reservoir  Full." 

20.  In  the  preceding  formulas,  the  pressure  of  the  water  against  the 
inner  face  of  the  wall  is  treated  as  if  it  were  wholly  horizontal  (as  in  the 
investigations  of  M.  Graeff  and  M.  Delocre).  In  fact,  however,  that 
pressure,  being  normal  to  the  inner  face  of  the  wall,  has  a  small  inclina- 
tion downwards;  and,  therefore,  contains  a  small  vertical  component^ 
whidi  adds  to  the  stability  of  the  wall.  The  neglect  of  that  vertical 
component  is  an  error  on  the  safe  side. 

21k  To  find  the  mean  intensity  of  the  vertical  pressure  on  a  given 
horizontal  plane  in  the  masonry,  expressed  in  feet  of  masonry,  divide 
the  sectional  area  by  the  thickness  at  the  gxjm  plane ;  that  is  to  say 
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^'=-r'-^j (5). 

To  find  the  greatest  intensity  of  that  vertical  pressure  according  to  the 
ordinary  assnmption  that,  it  is  an  uniformly  varying  stress,  in  other  words, 
that  it  increases  at  an  nniform  rate  from  the  face  furthest  from  the  line 
of  Riistance,  to  the  face  nearest  to  that  line,  the  mean  intensity  is  to  be 
incretsed  by  a  fraction  of  itself  expressed  by  the  ratio  which  the  deviation 
of  the  Une  of  resistance  from  the  middle  of  the  thickness  bears  to  one- 
nxth  of  the  thickness ;  that  is  to  say,  let  p  denote  that  greatest  intensity, 
expressed  in  feet  of  masonry,  and  r  the  deviation  of  the  line  of  resist- 
tnce  from  the  middle  of  the  thickness ;  then 

,=.(i-i)(.+t) ,,, 

When  that  deviation  is  appreciably  greater  than  one-sixth  of  the  thick- 
ness, the  preceding  rale  is  no  longer  applicable,  but  this  case,  as  already 
expluned,  ought  not  to  occur  in  a  reservoir  wall. 

The  assumption  on  which  the  rule  is  based,  of  an  uniform  rate  of  vari- 
ation of  that  component  of  the  pressure  which  is  normal  to  the  pressed 
nirface,  is  known  to  be  sensibly  correct  in  the  case  of  beams,  and  is  pro- 
bably very  near  the  truth  in  walls  of  uniform  or  nearly  uniform  thickness. 
Wheiher,  or  to  what  extent,  it  deviates  from  exactness  in  walls  of  vary- 
ing thickness,  is  uncertain  in  the  present  state  of  our  experimental 
knowledge. 

22.  The  range  of  different  depths  to  which  the  same  profile  is  appli- 
cable without  any  waste  of  material,  extends  from  the  greatest  depth  shown 
on  the  drawing,  180  feet,  up  to  110  feet,  or  thereabouts.  For  depths 
between  110  feet  and  80  or  90  feet  or  thereabouts,  the  waste  of  material 
is  unimportant.  For  depths  to  any  considerable  extent  less  than  90  feet, 
the  use  of  a  part  of  the  same  profile  gives  a  surplus  of  stability.  For 
example,  if  the  depth  be  50  feet,  the  quantity  of  material  is  greater  than 
that  which  is  necessary  in  the  ratio  of  1*4  to  1,  nearly.  For  the  shallow 
parts,  however,  at  the  end  of  a  dam  that  is  deep  in  the  centre,  I  think  it 
preferable  to  nse  the  same  profile  as  in  the  deep  parts,  notwithstanding 
this  expenditure  of  material,  in  order  that  the  full  advantage  of  the  abut- 
ment against  the  sides  of  the  ravine  may  be  obtained.  In  the  esse  of  a 
dam  that  is  less  deep  in  the  centre  than  110  feet,  the  following  rule  may 
be  employed :  Construct  a  profile  similar  to  that  suited  to  a  depth  of  110 
bet,  with  all  the  thicknesses  and  ordinates  diminished  in  the  same  pro- 
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portion  with  the  depth.  The  intensity  of  the  vertical  pressure  at  each 
point  will  be  diminished  in  the  same  proportion  also  ;  but  this  does  not 
imply  waste  of  material ;  the  whole  weight  of  the  material  being  required, 
in  order  that  there  may  be  no  appreciable  tension  in  any  part  of  the  wall. 

W.  J.  M.  R. 


Appendix  C, 

Mathematical  principles  op  the  Profile  Curves.     Bi/  Professor 
W.  J.  M.  Rankine,  C.E.,  j-c. 

\,^^Principles  relating  to  all  forms  of  Profile, 

Let  tf  as  before,  be  the  thickness  of  the  wall  in  a  horizontal  plane  at 
the  depth  x  below  the  top ;  then  taking  the  weight  of  a  cubic  unit  of 
masonry  as  the  unit  of  weight,  the  weight  of  each  unit  of  length  of  the 
wall  above  that  plane  is  expressed  by 


y!"^* 


In  order  that  there  may  be  no  appreciable  tension  at  the  outer  edge  of 
the  given  plane  when  the  reservoir  is  empty,  nor  at  the  inner  edge  when 
it  is  full,  the  centre  of  resistance  of  that  plane  ought  not  to  deviate  from 
the  middle  of  the  thickness  by  more  than  about  one-sixth  of  the  thick- 
ness ;  inwards  when  the  reservoir  is  empty,  outwards  when  it  is  full. 

Let  y  denote  the  deviation  of  the  centre  line  of  the  thickness  of  the  wall 
outwards  from  a  vertical  axis  OX  ;  so  that  y  —  ^vndiy  +  -  are  the  co- 
ordinates of  the  inner  and  outer  faces  of  the  wall,  respectively ;  and  when 
«  =  0,  let  y  =  yo . 

The  line  of  resistance  when  the  reservoir  is  empty,  cuts  the  horizontal 
plane  at  the  depth  re  in  a  point  vertically  below  the  centre  of  gravity  of  the 
part  of  the  wall  above  that  plane ;  and  in  order  that  the  weight  of  the  wall 
may  be  thrown  as  far  inwards  as  is  consistent  with  there  being  no  appre- 
ciable tension  at  the  outer  face  wben  the  reservoir  is  empty,  the  deviation 
of  that  line  of  resistance  from  the  middle  of  the  thickness  of  the  wall 
onght  not  materially  to  exceed  one-sixth  of  the  thickness ;  hence,  if  r'  be 
taken  to  denote  the  inward  deviation  in  question 

r^ytdx                 ^ 
r'  =y  —  X»     — =  or  <  g  nearly (A). 


JT^' 
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Let  19  be  the  ratio  in  which  the  masonry  is  hoarier  than  water.  Then 
the  moment  of  the  horizontal  pressure  of  the  water  above  the  same  plane 
on  each  onit  of  length  of  wall  is 

U  =  ^ 

The  rertical  component  of  that  pressure  is  neglected,  as  explained  in 
the  body  of  the  report.  The  extent  to  which  the  centre  of  resistance  at 
the  giyen  horizontal  plane  is  shifted  outwards  by  the  pressure  of  the  water 

f^  +  r  =  _?L_  = / (B). 

in  which  r  denotes  the  outward  deviation  of  the  line  of  resistance  from 
the  middle  of  the  thickness  when  the  reservoir  is  full,  and  the  condition 
that  the  centre  of  resistance  when  the  reservoir  is  full  is  not  to  deviate 
from  the  middle  of  the  thickness  by  more  than  about  one-sixth  of  the 
thickness,  is  expressed  by  the  following  formulaa,  in  which  r  denotes  the 
outward  deviation. 

-  -  ^"^       e/^ y  =  or  <  i  nearly (C). 


/• 


ti. 


The  formnln  A  and  0  express  the  condition  tiwt  there  shall  he  no  prac- 
tically important  tension  in  the  masonry  at  any  horizontal  plane. 

Let  p'  and  p  be  the  vertical  pressares  at  the  inner  and  outer  faces,  res- 
pectirely,  at  the  depth  x ;  and  P'  and  P  the  limits  which  those  pressures 
are  not  to  exceed.  Then  we  have  as  another  pair  of  equations  to  be  sa- 
tisfied 


•(E), 


IL— Prtndjjp^  relating  to  the  Logarithmic  Curve  Profile, 
As  a  means  of  satisfying  the  equations  of  condition  to  a  degree  of  ap- 
proximation sufficient  for  practical  purposes,  let  the  inner  and  outer  bound- 
aries of  the  profile  be  all  three  logarithmic  curves  with  the  vertical  axis 
OX  for  their  common  asymptote,  and  having  one  common  constant  subtan- 
gent  a.     It  may  be  remarked  that  one  reason  for  adoptiug  the  logarithmic 
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oarre  is  its  giving  a  thickness  at  the  top  of  the  wall  sofficient  for  the 
formation  of  a  roadway ;  and  that  another  reason  is,  its  giving  values  to 
the  intensity  of  the  pressure  at  the  outer  face  below  the  point  of  maximum 
pressure,  which  diminish  as  the  latter  increases.  Let  the  ratio  borne  bj 
the  deviation  y  of  the  centre  line  of  the  thickness  from  the  vertical  axis 
to  the  thickness  t  be  expressed  by 

Then  we  have  the  following  equations : — 

m 

isstoe^ (F). 

y  =  C  #  =  C^o  «** (G)- 

A  <  rf  «  =  «  <o  («"  -  l)  =  a  («  -  O. (H). 

r'  =  f(e~'-x)=:c*-^  =  »-^ (K). 

*^- «««(/- o a •-     ,    i     (1     2  U-    ^r^' 

y  =  «  (l  -  r  «  )|  I  +  3  c  (  1  _  r  "  )  } (M). 

,=-{i-r'^-3.(i-r--y[+^ ck. 

When  the  values  given  above  are  substituted  in  the  expressions  of 
oonditions,  A,  G,  D,  and  E,  the  formulaa  obtained  are  of  a  kind  incapable 
of  solution  by  any  direct  process.  They  can,  however,  be  solved  approxi- 
mately without  much  difficulty  by  the  process  of  trial  and  error ;  and 
snch  is  the  method  by  which  the  dimensions  of  the  profile  sent  with  the 
report  have  been  obtained ;  the  constants  employed  being  w  =:  2;  P'  zz 
160  feet;  P  =  125  feet.  The  general  nature  of  the  process  of  approxi- 
mation followed  may  be  summed  up  as  follows.  By  making  ^  ==  O, 
an  equation  is  obtained  involving  the  value  of  -  which  makes  p  a  maxi- 

mnm.     That  equation  shows  that  as  a  first  approximation  to  that  ralue  we 

3 
may  take  -•     This  first  approximation  is  inserted  in  equation  K ;  and  by 
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making  i^  =  -  there  is  deduced  from  the  equation  an  approximate  value 

of  e.    Then,  in  equation  M,  by  inserting  the  approximate  ralues  of  ^  and 

a 

of  c,  and  making  /)'  =:  P  (the  limit  of  p)f  there  is  obtained  an  approximate 
Tslue  of  a ;  and  by  making  r  =  -  in  equation  L,  an  approximate  value  of 

1^.    The  several  first  approximate  values  being  then  inserted  in  -^  =  O, 

ox 

there  is  obtained  a  correct  value  of  - ,  which  is  found  to  be  about  —- ;  and 

a  o 

thence,  by  means  of  equation  N,  the  actual  maximum  value  of  p  is  com- 
puted, and  found  to  fall  slightly  within  the  prescribed  limit.  Finally,  as 
a  test  of  the  approximations,  equations  K,  L,  M,  and  N  are  applied  to 
a  series  of  values  of  x  extending  from  the  top  to  the  bottom  of  the  wall. 
As  to  the  degree  of  approximation  obtained,  the  greatest  values  of  p'  and 
p  are,  respectively,  154  and  124  feet,  instead  of  160  and  125  feet ;  and  there 
are,  as  the  drawing  shows,  some  small  deviations  of  the  lines  of  resistance 
beyond  the  middle  third  of  the  thickness ;  but  not  sufficient  to  be  of  prac- 
tical importance. 

The  following  table  contains  some  additional  values  of  the  vertical  pres- 
•are  at  the  outer  face,  at  and  near  the  point  where  it  is  more  intense  :— - 

Depths,  feet;    90    100    110    120    180. 

Vertical  pressures,    „      114    122    124    122    117. 

W.  J.  M.  B. 
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No.  LXIX. 


REPORT  ON  RATES  OF  WORK  IN  BERAR. 


By  Mr.  R.  G.  Elwbs,  AbmL  Secy.  P.  W.  Department,  Hyderabad. 


Thc  causes  wUch  tend  to  make  rates  of  work  higher  in  Berar  than  else- 
where may  be  divided  nnder  three  heads  : — 

L — Peculiarities  of  soil  and  climate. 
11. — Cost  of  imported  materials. 
III.— Cost  of  labor. 

L-^Peculiarities  of  soil  and  climate. 

Berar  is  particularly  unfortunate  in  being  almost  destitute  of  brick- 
earth,  potters'  clay,  lime  stone,  and  timber. 

The  soil  is  generally  <<  regur,"  or  what  is  called  "  black  cotton  soil.** 
Under  this  lies  either  trap  rock,  mostly  basaltic,  or  "  moorum,"  a  kind  of 
grayel  believed  to  be  the  result  of  the  decomposition  of  trap.  True  day, 
whether  pure  and  plastic,  or  in  the  form  more  suitable  for  bricks,  scarcely 
exists  throughout  the  Province.  The  substitutes  which  the  natives  use 
are  the  slimy  mud  which  collects  at  the  bottom  of  ponds  and  tanks,  and 
<<  pandree  mittee,"  a  whitish  earth  of  argillaceous  appearance  which  is 
found  mainly  on  the  sites  of  villages,  and  is  probably  a  mixture  of  the 
tank  mud  from  which  the  houses  were  originally  built,  with  the  sweepings 
and  refuse  of  ages.  It  contains  much  organic  matter  and  salts,  and  is 
unfit  for  brickmaking. 

This  absence  of  clay  contributes  very  greatly  to  the  costliness  of  build- 
ings in  Berar.  A  large  class  of  structures,  such  as  police  stations,  jails, 
quarters  for  native  establishments,  indosure  walls,  out-o£5ces,  interior 
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fiDi  to  larger  buildings  d^.,  ^.,  which  are  elsewhere  built  with  mud, 
vfith  nmdried  bricks  set  in  mud  mortar,  haye  here  to  be  constructed  of 
knoreexpenBiTe  nukteiiaU. 
The  next  cheapest  style  of  work,  common  in  other  districts,  consists  of 
Innt  bikka  eet  in  mod  mortar.  But  even  if  the  porous  and  friable 
brids  alone  obtainable  in  Berar,  which  are  sometimes  so  bad  as  actually 
to  flott  in  water  when  first  immersed,  could  be  used  in  this  way,  the 
ecDentiDg  material,  clay,  is  wanting.  The  mud  to  be  procured  will  not 
ted  the  washing  of  the  heavy  monsoons,  nor  the  occasional  leakage  from 
abore  which  wonld  not  injure  a  better  clay.  Attempta  have  been  made 
to  me  stone  set  in  mad  mortar  for  post  ofiBces,  police  stations,  and  other 
idiior  buildings,  but  the  aboYe  defect,  with  the  peculiarities  of  the  stone, 
to  be  hereafter  described,  haye  caused  the  rapid  and  general  failure  of 
tliete  buildings  which  are  now  being  re-placed  at  much  expense  with  more 
duible  materials.  The  use  of  stone  in  mud  mortar,  such  as  is  alone 
procurable,  has  been  clearly  shown  by  extensive  experience  to  be  false 
ooonomy  in  Berar,  unless  in  exceptional  circumstances. 

The  want  of  pottars'  day  also  causes  serious  expense  in  the  mattar  of 
roofs. 

Hie  tiles,  obtainable  in  small  quantities  only,  are  so  inferior,  and  from 
the  high  price  of  fuel,  so  expensive,  that  the  use  of  tiled  roofs  is  becom- 
ing more  and  more  doubtfpl  in  economy,  while  the  impossibility  of 
preventing  leakage  from  the  porosity  and  fragility  of  the  tiles,  and  the 
expense  and  annoyance  of  continual  repairs,  are  sources  of  mach  com- 
pkint 

Flat  terrace  roofs,  as  will  be  seen  farther  on,  are  very  costly ;  flat  mud 
roofs  as  conunonly  used  in  the  North- West  will  not  stand,  from  the 
nature  of  the  mud ;  and  in  short  it  may  be  said  that  there  is  no  such 
thing  as  a  cheap  satisfactory  roof  in  Berar,  except  thatch,  which  of  course 
is  JnadmissiMe  from  ita  inflammability. 

Except  two  local  deposito,  neither  of  which  are  generally  available  for 
the  operations  of  the  department,  there  is  no  good  lime  stone  in  Berar. 
We  are  mainly  dependent  for  lime  upon  kankur,  and  deposito  of  a  similar 
aaUue,  approaching  more  nearly  to  limestone  than  the  ordinary  kunkur 
of  the  North- West.  Some  of  these  deposito  yield  an  excellent  lime,  but 
they  are  capriciously  distributed  and  scarce.  The  cost  of  fuel  is  also  very 
U^;  the  scrub  and  larger  jungle  which  once  covered  large  tracta  have 
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almost  disappeared  from  the  Berar  valley.  Firewood  and  charcoal  haye 
to  be  bronght  from  long  distances;  in  many  cases  from  tracts  tinder 
Forest  Rules,  where  the  tax  levied,  though  perhaps  not  large  in  itself, 
falls  heavily  on  the  departmental  operations  from  the  considerable  quan- 
tities consumed.  Thus  the  cost  of  fuel,  and  the  distances  from  which  it 
has  aften  to  be  carted,  tend  to  increase  the  expense  of  all  works  into 
which  tiles,  lime,  or  iron  enter  as  materials. 

In  addition  to  the  cost  of  fuel,  the  absence  of  larger  timber  is  an  im- 
portant element  in  the  cost  of  works  in  Berar.  Timber  is  so  scarce  that 
even  for  domestic  and  private  use,  inferior  timber  is  brought  from  Bombay 
and  sold  in  the  larger  bazars  by  private  merchants.  For  all  those  minor 
purposes  for  which  most  districts  in  India  supply  local  timber,  it  is  neces- 
sary to  import  wood  from  Bombay ;  and  the  difference  in  price  between 
teak  and  the  inferior  kinds  obtainable  there  is  not  sufficient  (except  in  a 
few  special  cases)  to  compensate  by  the  saving  for  the  loss  of  superior  qua- 
lities in  the  former.  When  every  rafter  and  doorpost  has  to  be  bronght 
by  rail  from  Bombay,  and  afterwards  carted  50,  60  or  even  80  miles,  it 
may  easily  be  conceived  how  the  cost  of  woodwork  runs  up. 

Having  now  mentioned  some  of  the  negative  peculiarities  which  enhance 
prices  in  Berar,  some  positive  disqualifications,  arising  out  of  the  soil  and 
climate,  require  notice.  In  the  firdt  place  the  Province  is  but  sparsely  pro- 
vided with  metalled  roads,  and  wherever  these  are  not,  the  black  soil 
becomes  an  impassable  quagmire  from  June  to  the  beginning  of  October. 
Daring  another  period,  from  about  December  till  April  the  carts  of  the 
country  are  occupied  in  taking  cotton  to  market,  and  thus  it  is  only  at 
limited  periods  that  carriage  is  available  in  quantity.  But  the  operations 
of  the  department  cannot  be  confined  to  these  restricted  periods ;  hence 
the  cost  of  carriage  is  increased  by  the  competition  of  cotton  sellers,  and 
this  affects  more  or  leSs,  in  the  conveyance  of  materials,  every  work  un- 
dertaken. The  cost  of  carriage  will  be  farther  noticed  under  the  head  of 
labor. 

Another  disadvantage  under  which  Berar  suffers,  is  the  nnsoitability  of 
the  only  stone  generally  procurable,  for  building  purposes.  It  is  a  hard 
intractable  basalt,  which  has  no  regular  cleavage,  and  a  highly  irregular, 
often  conchoidal,  fracture.  It  is  very  liable  to  split,  but  from  the  absence 
of  cleavage  this  makes  it  all  the  more  diffionlt  to  dress  into  any  regular 
shape.    An  attempt  at  a  clam  of  work  better  than  random  nibble,  ends  in 
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BNi  expmaiTe  block-in -courae,  or  else  the  notorious  "  brcadseal "  work,  of 
ilidi  a  full  description  will  be  found  in  the  Roorkee  Professional  Papers, 
[Kew  Series,  No.  X.VIII.3  The  paper  referred  to  explains  clearly  the  diffi* 
oltitt  of  execatin^  masonry  in  a  trap  country,  and  a  perusal  of  it  will 
tbow  much  light  on  the  costliness  of  work  in  Berar. 
The  nature  of  the  rock  makes  it  both  difficult  and  expensive  to  introduce 
ipioper  proportion  of  bond-stones ;  while  the  want  of  adhesion  of  mortar 
tobtnlt,  the  want  of  porosity  in  the  stone,  and  the  great  heat  and  dryness 
of  Berir,  caase  a  two-fold  increase  of  expense,  in  the  extra  massiveness 
nqiuied  for  safety,  and  the  necessity  of  long  continued  watering  to  pre- 
Tsit  the  mortar  crambling  into  a  dry  powder  before  it  has  time  to  set. 

The  details  given  above  will  explain  why  it  is  necessary  so  largely  to  use 
imported  materials  in  Berar.  These  consist  chiefly  of  teak,  and  iron  in 
Tirious  forms,  and  their  unavoidable  costliness  is  the  second  main  element 
in  the  high  rates  of  Berar,  noted  in  page  96. 

The  cost  of  carri&ge,  the  waste  in  conversion,  and  the  expense  of  saw- 
jei's  labor,  make  it  advisable  as  a  rule  to  purchase  teak  in  Bombay  ready 
sawn  to  the  required  scantlings.  The  rate  paid  is  usually  about  Rs.  2^ 
to  S  per  cubic  foot.  The  cost  of  Railway  carriage  for  ordinary  lengths 
to  Akola  is  about  Rs.  0-13-3  per  cubic  foot,  and  to  Oomraotee,  Rs. 
0-15-4.  If  more  than  120  cubic  feet  are  sent  in  one  consignment  the 
rates  are  somewhat  lees.  Should  the  length  however  exceed  20  feet 
the  charge  is  considerably  increased.  For  such  timbers  the  Railway  Com- 
piDy*8  Rules  require  that  two  wagons  be  paid  for  at  a  minimum  charge 
for  3  tons,  or  120  cubic  feet  each.  It  would  seldom  happen  that  the  ac- 
taal  weight  of  timber  carried  would  amount  to  this  ;  the  effect  therefore 
is  to  lay  a  varying  and  it  may  be  excessive  charge  per  cubic  foot  on  the 
timber  carried.  The  department  has  no  control  over  charges  of  this  kind ; 
hot  it  appears  inexpedient  that  the  Railway  Company  should  impose  pro- 
hibitory rates.  Under  the  present  system  cases  might  easily  occur  in 
which  it  would  be  cheaper  to  cart  timber  the  whole  way  from  Bombay 
than  to  send  it  by  rail.  In  fact,  at  this  moment  timber  is  being  carted  all 
the  way  from  the  Madras  coast  to  Secunderabad,  instead  of  bringing  it  up 
hy  rail,  as  the  former  plan  is  found  cheaper. 

In  ordinary  cases,  however,  sawn  teak  costs  delivered  at  Akola  about 
Bs.  3-6  to  3-14  a  foot,  and  at  Oomraotee,  Rs.  3-8  to  4.  The  waste  in 
faming,  and  the  cost  of  carpenters'  labor  in  framing  and  erecting,  with 
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cairiage  to  site,  bring  up  the  final  cost  to  the  preyailing  rates  of  Rs.  5-8 
to  6-8  per  cabic  foot.     These  are  doubtless  yery  high,  bat  it  is  not  clear 
how  they  can  be  reduced. 

The  cost  of  wronght-iron  in  Bombay  is  about  as  follows  : — 
Bars  ...  ...  Bs.  6  to  8  per  cwL 

Girders       ...  ...  „  12  „ 

Trasses       ...  •••  „  18  » 

The  necessity  of  working  up  the  iron  with  rude  i&ppliances  and  unskilled 
smiths,  compels  the  purchase  of  expensive  brands,  as  they  are  the  most 
easily  worked. 

Cast-iron  costs  in  Bombay  Bs.  6  to  8  per  cwt.  for  ordinary  castings. 
The  cost  of  carriage  to  Akola  is  Bs.  1-3-3  per  maund,  and  to  Oomraotee, 
Bs.  1-6-3,  and  for  castings  erected  at  stations  on  the  line  of  rail  the  rate 
is  about  Bs.  12  per  cwt. 

The  rate  for  wrought-iron  erected  and  fixed  in  framework  of  roofs  and 
similar  work  is  about  Bs.  25  per  cwt. 

A  great  part  of  the  cost  lies  in  the  working  up  of  ttie  iron  on  the  spot 
(due  partly  to  cost  of  fuel  mentioned  above,  partly  to  cost  of  labor,)  and 
in  the  carriage  to  site. 

The  carriage  of  castings  is  expensive  owing  to  their  weight.  Indeed 
there  are  few  situations  off  the  line  of  Bailway,  in  which  cast-iron  can  be 
need  to  advantage. 

For  reasons  given  above,  tiled  roofs  are  not  suitable  for  buildings  of  any 
importance  in  Berar.  Terraced  fiat  roofs  are  objectionable  from  the  infe- 
riority of  the  bricks  and  tiles  of  the  district,  and  costly,  from  their  weight 
requiring  strong  walls,  and  massive  beams  of  expensive  teak.  The  ad- 
vantages of  corrugated  iron  have  led  to  its  being  largely  used  in  Berar ; 
but  it  is  not  a  cheap  roof.  The  covering  itself  costs  about  Bs.  50  per  100 
square  feet.  It  has  the  advantage  of  requiring  only  a  light  framing ;  and, 
indeed,  in  small  buildings,  no  frame  at  all.  But  it  is  necessary  for  cool- 
ness to  provide  a  ceiling,  and  the  experiments  which  have  been  made  with 
plaster  ceilings  on  the  English  plan,  substituting  split  bamboos  for  laths, 
have  not  been  altogether  satisfactory.  At  present  a  planked  ceiling  of  pine 
appears  the  best;  this  costs  about  Bs.  18  per  100  square  feet. 

The  third  cause  of  the  high  rates  in  Berar,  and  one  which  enters  into 
nearly  every  item  of  our  estimates,  is  the  cost  of  labor. 

This  affects  not  only  the  <<  labor  "  rate  so  called,  but  also  the  cost  of 
an  our  local  materials ;  for  in  fact  the  price  of  these  commonly  represents 


RATKS  OF  WORK  IN  BKRAB.  101 

Me  more  than  the  labor  expended  in  procuring  thenau  The  rent  of 
ffum  and  Bu6tk  charges  form  but  an  insignificant  portion  of  the  cost  of 
iiteriils  delivered ,  except  perhaps  in  the  case  of  timber,  where  the  price 
rf  tlte  standing  tree  forms  an  exception  to  the  rule. 
The  high  rates  in  Berar  attracted  attention  as  far  back  as  1862,  when 
CipUiu  Tjrrell,  then  Executive  Engineer,  Becar  Division,  reported  in 
npljto remonstrances  as  to  the  cost  of  his  works,  to  the  following  effect  :— 
Wbe&  he  arrived  in  Berar  in  1857  he  found  the  wages  of  masons  or  brick- 
Itjen  to  be  abont  4  annas  per  diem,  but  they  were  so  few  in  number  and 
10  unskilled  that  he  was  obliged  to  import  workmen  from  Hyderabad  and 
Kagpore.  To  induce  these  men  to  leaye  their  homes,  it  was  necessary  ta 
«ffer  high  wages,  6  or  7  annas  per  day.  There  were,  according  to  Captain 
Tyrrell,  no  ordinary  laborers  to  be  had,  as  the  ^^Dhers"  or  low  caste 
tOlsge  servants,  could  earn  enough  in  a  lazy  way  about  the  villages  to  sa- 
tiify  them,  and  coolies  also  had  to  be  imported. 

Carts  were  but  little  used  in  Berar,  on  account  of  the  nature  of  the  deep 
Uick  cotton  soil.  The  few  that  existed  were  required  for  agricultural 
pQiposes.  Numbers  of  carts  were  sent  into  Berar  from  Bombay  or  from 
other  districts  under  engagements  to  cart  cotton  down,  for  which  fancy 
prices  were  paid,  and  the  rate  of  cart  hire  thus  became  abnormally  high. 
Brick  earth  scarcely  exists  in  Berar,  and  Captain  Tyrrell  states  that  the 
Bailway  Company  although  they  had  experienced  £nglish  brick  makers, 
lost  50  or  60  lakhs  of  bricks  in  the  vain  endeavour  to  turn  out  a  service- 
Able  article.  The  only  alternative  available  was  the  basalt,  the  peculiarities 
of  which  have  already  been  described.  In  1862,  Captain  Tyrrell  says  the 
Bailway  contractors  were  paying  15  Rs.  per  cubic  yard  or  55'5  Bs  per  100 
cubic  feet  for  masonry.  In  illustration  of  the  general  rise  of  prices  he 
mentions  that  gram  had  risen  from  45  seers  per  Re.  in  1857  to  25  in 
1862;  and  that  wheat  flour  was  at  12  seers,  and  had  been  8. 

In  March  1863,  Captain  Tyrrell  gave  the  following  detail  of  the  cost  of 
bis  masonry  :— 

200  stones,  at  8  Rupees  per  100, 

Carriage  5  miles  (average),  at  Rs.  2-2  per  mile, 

6  masons,  at  8  annas,       

liime,         •••        ••.        «««       M«        •••        ••. 
Coolies  and  sand, •••       • 

Per  100  cable  feet  •• 
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Ifc  will  be  noticed  that  masons  then  cost  8  annas  a  day ;  they  now  get 
12  to  14  annas ;  carts  were  10  annas  a  day,  they  now  cost  1  Re.  and 
sometimes  Rs.  1-4. 

In  January  1864,  Captain  Foord  bronght  to  special  notice  the  cost  of 
carriage  m  Berar.  For  travelling  in  one  direction  a  cart  and  pair  of  bul- 
locks then  cost  4  annas  a  mile,  or  Rs.  2-8  for  a  short  march  of  10 
miles,  and  by  daily  wages  they  received  2  Rs.  a  day.  Camels  cost  5  Rs. 
per  day.  These  enormous  rates  were  caused  he  says  by  the  competition 
of  native  speculators  trying  to  get  their  cotton  down  to  Bombay.  In 
June  1864,  Captain  Foord  with  regard  to  certain  rates  in  a  schedule 
prepared  by  him,  that  were  objected  to  by  the  Chief  Engineer,  reported 
that  carts  were  still  2  Rs.  a  day,  but  that  he  hoped  to  reduce  this  rate  to 
50  Rs.  per  mensem  by  importing  from  Becunderabad ;  that  bamboos  were 
10  Rs.  per  100 ;  and  remonstrated  generally  against  any  reduction  of 
his  rates,  which  were  based  on  what  he  was  actually  paying. 

In  November  1864,  Mr.  Allan  Wilson,  Executive  Engineer  at  Aurung- 
abad,  r^>orted  that  he  had  been  obliged  to  raise  all  his  rates.  Coolies 
were  then  getting  3  annas,  masons  10  annas,  carts  12  annas  a  day.  The 
rates  at  Aumngabad  have  never  risen  quite  so  much  as  in  Berar  itself 
partly  because  the  works  have  been  small,  partly  from  the  distance  of  the 
station  from  the  Railway,  partly  because  cotton  is  less  extensively  grown 
in  the  district. 

Mr.  Wilson  also  stated  that  laborers,  skilled  and  unskilled,  were  emi- 
grating to  Berar,  and  even  to  Bombay  to  obtain  the  higher  rates  there 
prevailing. 

It  will  thus  be  seen  that  the  high  rates  in  Berar  date  from  the  increas- 
ed traffic  in  cotton  which  arose  in  1862 ;  they  reached  a  maximum  about 
1864-65,  and  have  since  somewhat  decreased. 

Tables  are  attached  showing  the  prices  of  the  chief  nuterials,  labor, 
and  classes  of  work : — 

(1.) — As  estimated  by  Captain  Foord  in  his  Schedule  of  1866-67. 

(2.) — As  estimated  by  the  Executive  Engineers,  East  and  West  Berar, 
in  revised  Schedules  prepared  in  1870. 

(3.) — From  recent  estimates  and  completion  reports. 

Another  table  shows  the  average  working  rates  for  certain  items  for 
each  of  the  six  years  ending  with  1870-71. 

Tliese  howeyer  are  deduced  from  works  in  progress  and  wheneyer  the 
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wovbU  919  i&oi  Tery  mccxmtelj  kept,  the  working  rate  doring  constmction 
to  not  show  the  reml  cost ;  bat  althoagb  some  dteerepandes  appear  in  the 
ile  from  this  dLOse,  it  fairlj  represents  the  ayerage  rates  on  the  whole. 

Fiom  tbe  facts  that  an  ordinary  unskilled  laborer  earns  about  4  annas 
idty,Mid  that  artizana  earn  from  12  annas  to  1  Re.,  while  mistries  or 
fimmen  Qsually  receive  aboat  Rs.  1-4,  the  high  prices  of  materials  and 
of  eompleied  work  follow  as  a  natural  consequence. 

It  will  be  seen  that  there  are  some  discrepancies  in  the  rate$  of  the 
list  and  West  Berar  Division  as  entered  in  the  Schedules  of  1870, 
iiiiuig  from  ander-estimaie  in  the  latter,  and  from  the  abnormally  high 
ntes  attained  in  the  former,  under  a  previous  Executive  Engineer.  The 
litos  in  the  two  divisions  have  since  tended  towards  uniformity. 

The  coet  of  earthwork,  Rs.  8  for  dressed  foundations,  and  about  Rs. 
6  for  ordinary  banks  and  cuttings  in  road  work,  is  high  compared  with  the 
nte  of  cooly  labor,  4  annas  a  day.  But  it  mast  be  explained  that  the 
mpply  ot  such  coolies  is  very  limited,  and  that  for  all  earthwork  on  a 
Itfge  scale,  quarrying,  collection  of  read  metal,  <&c.,  recourse  must  be  had 
to  the  wandering  tribes  of  Wuddurs  (called  in  the  North- West  Oodes,  or 
Oords.)  These  men  have  long  been  accustomed  to  high  wages  on  the 
Bailways,  and  like  our  English  navvies  they  live  well  and  expensively. 
They  will  not  work  except  at  rates  which  bring  them  large  wages. 

It  is  scarcely  within  the  province  of  this  report  to  discuss  the  general 
reieons  why  labor  is  dearer  and  prices  higher  in  Berar  than  in  other  dis- 
triets  of  India.  The  laws  governing  the  rate  of  wages  form  a  disputed 
ch^ter  in  political  economy ;  but  there  are  certain  circumstances  existing 
m  Berar  which  may  well  be  noticed  here,  as  affecting  the  possibility  of 
rsdocing  the  cost  of  labor  by  importation. 

It  has  lately  been  urgued  with  considerable  force*  that  the  wi^es  of  un- 
ikilled  labor  are  determined  in  a  country  where  access  to  laud  is  not 
artificially  restricted,  by  the  amount  which  a  peasant  can  earn  by  farming 
on  his  own  account  Now  Berar  is  a  district  where  ''  fiee  trade  in  land  " 
eminently  prevails,  f  There  are  the  greatest  facilities  for  taking  up  or 
relinquishing  land  for  cultivation,  and  as  only  one-fourth,  it  would  seem, 
of  the  cultivable  area  is  under  cultivation,;^  it  is  not  as  yet  necessary  to 
lesort  to  the  poorer  soils.     Further  the  settlement  is  "  ryot-waree  "  and 

•  WetUniiutar  B«Fiew,  Na  LXXI.,Janaar7  1872,  page  188,  et  i*q. 
t  Adminiitration  report,  1870-71,  p«ge  1ft. 
t  iMf,|»ee9. 
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the  assessment  light ;  the  balance  of  the  produce,  after  paying  the  (}oTem- 
ment  share,  which  under  a  Zemindaree  tennre  is  divided  between  the 
proprietor  and  the  actual  cultivator,  in  Berar  goes  wholly  to  the  latter. 
Lastly,  the  staple  of  the  district,  cotton,  is  a  very  profitable  crop.  The 
result  of  all  this  is  that  agriculture  is  both  a  profitable  and  an  accessible 
occupation,  and  not  until  cultivation  has  extended  to  a  much  larger  area 
so  that  the  new  comers  are  restricted  to  the  poorer  soils,  and  the  profits 
limited  accordingly,  can  it  be  expected  that  immigration  will  materially 
lower  the  wages  of  unskilled  labor. 

The  rate  of  wages  of  the  artizans  is  subject  to  more  complex  conditions  ; 
it  is  affected  by  competition,  custom,  the  price  of  food,  and  by  the  stand- 
ard of  living  customary  with  these  classes.  The  price  of  food  in  Berar  is 
high,  because  so  much  of  the  land  is  taken  np  with  cotton  that  cereals 
have  to  be  imported.  Further  the  competition  for  skilled  labor  during 
the  construction  of  the  Bailway  established  a  high  rate  of  wages,  and  na^ 
tives  are  especially  unwilling  to  submit  to  a  reduction  of  nominal  rates  even 
when  from  an  increase  in  the  purchasing  power  of  money,  such  reduction 
would  leave  them  really  as  well  off  as  before.  The  attachment  of  the  na- 
tives to  "  dustoor  "  has  thus  prevented  the  reduction  of  wages  which  might 
have  been  expected  to  follow  the  general  fall  of  prices  after  the  cotton 
crisis. 

In  addition  to  this,  the  standard  of  living  or  of  comfort  to  which  they 
are  accustomed  has  gradually  risen,  and  they  would  now  be  unwilling  to 
accept  the  wages  of  12  or  15  years  ago,  even  if  the  purchasing  power  of 
money  were  the  same. 

Thus  the  only  prospect  of  reducing  the  cost  of  skilled  labor  would  be 
the  accession  of  a  state  of  things  in  which  the  supply  much  exceeded  the 
demand,  which  in  time  would  induce  the  artizans  to  submit  to  lower  wages 
to  procure  employment  at  all.  It  is  notorious,  however,  that  the  tendency 
is  quite  in  the  opposite  direction. 

It  seems  doubtful  whether  the  increase  of  the  artizan  class  has  kept  pace 
with  the  great  extension  of  Public  Works  in  the  last  few  years,  and  in 
every  direction  there  is  difficulty  in  collecting  masons,  carpenters  and  smiths. 

Indeed  it  seems  a  matter  for  consideration  whether  a  systematic  effort 
should  not  be  made,  either  by  technical  schools  or  by  some  plan  of  Oovem- 
ment  apprenticeships,  to  train  up  an  increased  supply  of  skilled  workmen. 

It  will  be  seen  from  the  above  report  that  there  is  little  prospect  of  a 
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redaction  in  the  current  rates  of  work  in  Berar,  depending  as  thej  do  on 
the  wages  of  skilled  and  unskilled  labor,  both  of  which  are  practicallj 
bejond  our  control.  The  direction  in  which  onr  efforts  for  economy  seem 
most  to  promise  snccess  is  the  substitution  of  special  materials  and  modes 
of  construction  for  those  hitherto  in  use.  Could  au  j  of  the  Tarious  forms 
of  building  in  b^ton,  pis^  work,  or  concrete  be  successful]/  introduced  into 
Berar,  a  material  saring  might  be  effected  in  the  most  expensive  portions 
of  our  constructions. 

The  experiments  about  to  be  carried  out  on  the  limes  and  cements  of 
Berar  will  help  towards  this  end. 

The  expense  of  carriage  forbids  the  use  of  Portland  cement  from  Eng- 
land, but  it  may  be  hoped  that  ere  long  that  invaluable  material  will  be 
made  available  to  the  Indian  Engineer  by  the  establishment  of  local  manu- 
factories. With  Portland  cement  the  success  of  concrete  building  would 
be  assured,  but  so  long  as  we  are  dependent  on  local  limes  of  uncertain  and 
varying  composition,  the  employment  of  such  a  material  in  large  buildings 
most  always  be  attended  with  more  or  less  risk. 
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I86«-67. 
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WestBerar 
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1870. 
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No.  LXX. 


EXPERIMENTS  ON  SELENITIC  MORTAR. 


By  Capt.  E.  V.  TwEMLow,  R.E.,  Exec.  Engineer,  Belgaum. 


The  annexed  tables  show  the  breaking  or  tensile  strain  on  an  area  of 
foar  sqaare  inches  of  selenitic  common  lime  gauged 
neat  and  with  different  proportions  of  sand. 

I 1 1  The  mould  in  which  the  test  bricks  were  made,  was 

k- ,s-^i  shaped  as  per  sketch,  so  as  to  give  a  sectional  area  of 

Jx  *jil    ^^^^      *^o  inches  square  at  the  point  of  fracture. 
^     ^    ■"    '         The  weights  were  applied  by  means  of  a  wooden 
lever  constructed  as  per  sketch. 

The  scale  platform,  containing  the  weights,  was  made 
to  move  along  the  longer  arm,  bj  suspending  it  to  a 


fi 


flmall  carriage  or  roller. 


The  lime,  styled  <'  selenitic,"  was  manufactured  by  slaking  the  common 
freshly  burnt  lime  with  water  containing  five  per  cent,  of  strong  sulphuric 
acid  (oil  of  yitriol). 

The  lime  used  throughout  the  experiments  is  that  in  ordinary  use  at 
Belgaum.  It  is  burnt  from  a  large  sized  kunkur,  containing  a  consider- 
able proportion  of  clay  in  its  composition.    The  lime  is  burnt  with  charcoal 
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Age. 
10  days, 
20    „ 

30    „ 


in  ordinary  native  kilns.  The  sand  is  coarse  black  riyer  sand.  The  mor- 
tiT  used  on  the  Belganm  barracks  is  a  mixture  of  1  part  of  this  nnslaked 
lime,  to  1^  parts  of  sand,  and  numerous  experiments  have  shown  its  mean 
tensile  strength  on  an  area  of  four  square  inches,  to  be  a^  follows  : — 

Breaking  «t 
..        SOflbs. 
..         ..       120    „ 
..       160    „ 
60    „  170    „ 

The  addition  of  the  sulphuric  acid  has  the  effect  of  doubling  the  strength 
of  the  lime ;  also  it  enables  the  lime  to  bear  an  admixture  of  three  times 
the  quantity  of  sand  to  reduce  it  to  the  strength  of  ordinary  mortar  made 
with  plain  water.  To  slake  one  cubic  foot  of  fresh  lime,  requires  20  pints 
of  the  add  solution,  so  that  in  a  5  per  cent,  solution,  one  pint  of  pure  acid 
is  necessary.  If  selenitic  mortar  composed  of  1  of  lime  to  4  of  sand  is 
used,  about  7^  cubic  feet  of  lime  would  be  required  for  100  cubic  feet  of 
rubble  masonry:  or,  7^  pints  (equal  to  17  lbs.)  of  sulphuric  acid,  which  at 
the  fielgaum  price  of  8  as.  per  ib.  would  add  Rs.  8-8  to  the  cost  of  masonry 
per  100  feet.  Against  this  may  be  placed  the  saving  in  the  quantity  of 
lime,  or  about  8  cubic  feet,  if  mortar  of  1  lime  to  2  of  sand  be  in  ordinary 
use.  The  relative  cost  would  be  in  favor  of  the  selenitic  mortar,  only  in 
those  places  where  lime  is  very  expensive,  or  where  the  materials  for  the 
manufacture  of  sulphuric  acid  exist. 

The  experiments  are  not  sufficiently  numerous  to  establish  any  definite 
conclusion ;  but  as  far  as  they  go,  they  seem  to  show  that  the  strength  of 
selenitic  lime,  made  from  kunkur,  is  about  equal  to  Boman  cement,  and 
fths  that  of  Portland  cement.  The  breaking  weights,  at  30  days  being 
as  follows : — 


Per 
Bri- 
quette 


Per 
inco. 


Bemarki. 


Portltnd  cement, 
Boman  cement,  .. 
Selenitic  knnknr  limes,. 


679 

810 

248 

108 

480 

120 

I  Taken  from  Tables  17  and 
^  24  of  Grant  on  the  Sfcrength 
I  of  Cement 


A  solution  containing  8  per  cent,  of  acid  was  tried,  but  it  gave  results 
only  ^th  the  strength  afiforded  by  the  5  per  cent. 

Bricks  of  selenitic  lime,  exposed  to  air  instead  of  being  immersed  in 
water,  showed  a  slight  increase  of  strength. 
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KXPERIMBMT8   ON    SELENITIC    MORTAR. 


Table  of  the  results  of  experiments  with  connuon  and  Selenitic  lime, 
gauged  neat  and  with  diflferent  proportions  of  sand,  showing  the  breakitig 
weight  on  a  sectional  area  of  -1  square  inches. 

Ten  days'  tests. 


1 

SELENITIC  LIME. 

i 

Proportion  of  Lime  to  Sand. 

Itol 

itoifi  t<»a 
1 

]  toS 

lto4 

I  to& 

ItoflltoT 

]  toH 

{ 

138 
134 
121 

145 
148 
127 
114 

314 

292 
347  ' 

260  1 
313 
140  1 
127  1 
300 
152 

\m 

» * 

175 

179 
209 

ISO 
131 

101 

97 

133 

81 
IH 
105 

00 

ei 

54 
50 

-•  1 

,, 

Immersed  in  water  13 
houra  after  makittg,     * .     '* 

159 

111 

100 

lo 

Meiiii  results. 

laB 

244 

" 

IBS 

67 

" 

-■ 

Twenty  days*  tests. 


'■ 

240 

41R 

1915 

I8S  1172 

83 

102 

102 

82 

82 

123 

180 

nm 

182 

soa  \im 

102 

132 

m  , 

75 

75 

33 

240 

304 

225 

182  ;i55 

03 

128 

82 

122 

72 

123 

IRfi 

5Hr> 

228 

148  162 

108 

OS 

102 

82 

fi2 

03 

Imraereod  in  water  12 
hai3Tisa£t<3r  makbg,      .*     ' 

IftO 

m}2 

198 

308    155 

122 

08 

92  1 

82 

m 

JIO 

2m 

300 

208 

103    157 

156 

103 

82 

m 

52 

300 

260 

\m 

478 

\m 

4G9 

t 

\\m 

403 

Memj  result*. 

*1M 

40(5 

2m 

11*6 

ItiO 

110 

103 

DO 

87 

66 

103 

Thirty  days'  tests. 


Immei^ed  as  abov^t . .     ^ 


Mi^ou  results, 


260 
24fl 
293 
266 
283 
253 
240 
300 
270 
2£0_ 

270^ 


407 
449 

&35 
535 
335 
392 
aB2 
rj25 


E.  V.  T. 


(l^or,\^s}fond^n^t. 


To  the  Editor  Pro/euUmal  Papers  on  Indian  Engineering. 
Dear  Sib,— Perhaps  the  following  note  may  be  thought  to  bear  on  Major  Corbett's 
theory,  that  irrigation  would  become  nnneceseary  in  Upper  India  if  deep  cnltivation 
could  be  introduced. 

In  the  Bann  Talley,  the  low  lands  not  only  get  an  abundance  of  water  from  the 
Koomm  river,  bat  with  the  water  a  large  quantity  of  rery  fertile  deposit  These 
lands  are  carefully  and  deeply  cultivated,  principally  by  the  spade. 

The  higher  lands  which  get  either  no  irrigation  at  all,  or  an  uncertain  supply  from 
mountain  torrents,  are  merely  scratched  in  the  usual  Indian  fashion.  Does  not  this 
seem  to  point  to  the  conclusion  that  deep  cultivation  is  only  practicable  where  irriga- 
tion renders  the  enltiTator  certain  of  a  return  for  his  outlay  ?  and  that  so  far  from 
deep  cultivation  being  a  substitute  for  irrigation,  it  is  only  on  irrigated  lands  that 
deep  cnltvatim  can  be  profitably  employed. 

Tours  truly, 

EDWABDBABAD.       »  J.  B.  LiMDBBLL,  LiBUT..  BJL. 

ISM  Jamuary,  1878.      J  Auutant  Engateer. 
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No.  LXXI. 
DELHI  CLOCK  TOWER. 

[  Vid$  Photograph  and  Plato  X] 


Artiek  eommuuieated  by  E.   J.  Mautix,  Esq.,  C.E.    Fhotogra^^h 
eiicuUd  bjf  Lieut.  Ci^yton  Be.\ucii.vmp,  ll.E. 


Thr  Mnnicipal  Commissioners  of  Delhi  have  cfTectcd  mAiiy  useful  im« 
prorements  in  that  city  since  the  mutinies:  the  streets  are  now,  perhnps, 
tlie  cleanest  and  best  drained,  and  repaired,  of  any  native  city  in  Iho  Upper 
ProTinces. 

A  fine  Town  HaH,  T¥ith  a  Ball-room,  Mnsenm,  Lecture-room,  a  mag- 
nificent Darbar  Hall,  measuring  80  feet  long  and  40  feet  wide,  and  an 
extensive  Berai  for  the  accommodation  of  native  travellers,  mny  be  spe- 
cially mentioned  amongst  the  many  useful  and  ornnmcntal  works  that 
hare  been  constroctcd  by  the  Municipality.  Trees  have  been  extensively 
planted  along  the  road  sides;  handsome  cast-iron  pillars  from  England  havo 
fnpeneJed  the  old  wooden  posts  that  formerly  supported  the  street  lamps ; 
laige  tanks  havo  been  constructed;  tlie  old  King's  gardens  have  been 
tutefally  laid  out,  and  vastly  improved ;  new  gardens  havo  been  formed ; 
and  almost  everything  that  taste  or  intelligence  could  snggest  for  the  con- 
.  lenrancy  and  embellishment  of  the  city,  has  been  carried  out. 

Tlie  latest  improvement  is  the  new  Clock  Tower,  which  stands  in  the 
centre  of  the  Chandneo  Chowk,  opposite  the  Town  Ilall. 

Tliis  bnilding  is  erected  in  an  appropiiato  and  commanding  site  at  the 
crossing  of  four  streets,  and  stamls  110  feet  high,  exclusive  of  the  orna- 
mental gilt  vano  and  finial.     The  materials  used  in  its  construction  are 
facidc,  red  and  yellow  sandstone,  and  white  marble.    Xhe  capitals  sor- 
voL  u^— aBCOvn  sxaixs.  a 
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monnting  the  main  corner  pillars  are  4  feet  2  inches  wide  at  top,  and  4  feet 
C  inch  OS  (leop,  Ihoy  ore  carved  out  of  solid  blocks  of  white  sandstone, 
and  caeh  of  them  weighs  about  2  tons. 

The  dials  of  the  clock  are  sufficiently  elevated  to  be  visible  from  the 
Ea^t  Indian  Railway  station,  and  from  other  prominent  points  in  the  city. 

The  clock  is  constructed  to  work  five  bells,  placed  in  the  open  canopy 
above  it,  these  give  out  a  different  peal  for  each  quarter,  the  largest  bell 
striking  the  hours. 

The  building  has  been  completed  in  18  months,  at  a  cost,  including 
clock  and  bells,  of  Rs.  28,000,  the  whole  of  which  amount  was  provided 
from  Municipal  Funds. 

The  tower  was  designed  and  built  by  Mr.  E.  J.  Martin,  Exec.  Engi- 
neer, Rajpootana  State  Railway,  and  the  Clock  and  Bells  were  supplied 
bj  Benson  and  Co.,  Ludgate  Hill,  London. 


Specification. 


Enclosing  site, — A  strong  paling,  about  4  feet  in  height,  and  com- 
posed of  rough  bullies,  to  be  erected,  to  enclose  the  ground  on  which  the 
Clock  Tower  is  to  stand.  To  prevent  accidents,  watchgien  will  be  em- 
ployed to  keop  people  clear  of  the  works,  and  at  night,  lanterns  will  be 
suspended  at  the  corner  posts  of  the  enclosure. 

Excavation  for  foundations. — The  ground  to  be  excavated  until  a 
thoroughly  firm  and  secure  foundation  is  obtained,  and  to  be  carefully 
levelled  to  receive  the  concrete. 

Concrete  in  foundations. — To  be  composed  of  1  part  mortar,  to  2  parts 
broken  stone  or  vitrified  brick.  The  mortar  to  consist  of  1  measure  of 
charcoal-burnt  kunkur  lime,  and  1  measure  of  soorkee  or  budgree.  The 
stone  or  brick  to  be  broken  up  into  1^  inch  cubes,  the  whole  to  be  care- 
fully mixed,  and  thrown  into  the  foundations  from  a*  height  of  at  least 
10  feet,  and  to  be  thoroughly  rammed  in  G  inch  courses. 

Masonry  in  foundations. — To  be  of  the  best  coursed  rubble  in  lime 
mortar  masonry,  well  and  securely  bonded,  with  a  sufiicient  number  of 
thorough  bond  stones  introduced  at  proper  intervals,  in  every  course. 
The  mortar  throughout  the  building  being  the  same  as  that  specified  for 
concrete. 
•  ThUaodt  of '  tianwlng  *  ooMnto  b  oppoMd  lo  tht  btfi  rwnt  pnctiM  la  00^^ 


fUTX  X 


CLOCK   TOWER-OEHLI. 


I  v\ni>; 


S§ettM 


Scale,  l9fiH  l»  4«»  inch 


^sr 


DELHI   OLOOK   TO  WEE.  118 

Uaionry  in  rapersfruefvre.— The  body  of  the  work  will  be  of  brick  in 
lm%  morUr  masonry,  the  cornices,  pinnacles,  caps,  bases  and  shafts  of 
colamBB,  5*>inbB,  mnllions,  arches,  and  transoms  of  windows,  pinnacles, 
fimaUfCTOokets,  barges,  hood  moulding,  water  tables  to  buttresses,  strings, 
&c,  &C.,  to  be  of  cat  sandstone,  in  accordance  with  the  drawings. 

The  brickwork  to  be  of  the  very  best  description ;  the  bricks  are,  where 
Bflcettary,  to  be  nibbed  on  the  face,  and  to  be  laid  with  close  joints  in 
English  bond,  in  finely  tempered  mortar.  The  bricks  to  be  well  and 
sc^oarely  moalded,  free  from  inequalities,  and  properly  burnt,  no  jhama  or 
peela  bricks  to  be  nsed.  The  different  kinds  of  cut  stone-work,  including 
plain,  moulded,  and  carved  ashlar,  to  be  neatly  and  correctly  worked  to 
the  shapes  and  dimensions  given  on  the  drawings.  The  stones  to  be  of  a 
uniform  color,  and  free  from  unsightly  stains.  All  projecting  edges  to 
be  throated  underneath,  and  copper  joggles  or  dowels  to  be  introduced 
where  needed. 

Stone  Jhoring.'-^The  lower  floor  to  be  flagged  with  2  inch  thick  flag 
stones,  laid  with  the  finest  possible  joint,  on  4^  inches  terracing  over  18 
inches  of  stone  spiiUs. 

Carpentry. — All  the  timber  used  in  the  building  to  be  of  the  best 
sil  wood  (Shorea  rohusta)  obtainable,  free  from  all  imperfections,  to  be 
oorrectly  worked  to  the  dimensions  given  on  the  plans. 

Clock  and  Bells. — The  bells  to  be  fixed  above  the  dials,  with  a  clear 
open  space  round  them,  in  order  to  let  out  the  sound.  The  hammers  to 
be  rery  strongly  screwed  to  the  beams  of  the  bell  frame,  the  largest 
hammer  to  the  largest  bell,  care  to  be  taken  that  they  do  not  touch  tho 
bells  when  at  rest,  but  yet  give  a  good  firm  blow  when  ih  action.  The 
bell  frame  to  be  constructed  as  shown  on  plans,  with  a  sufficient  space 
between  it,  and  the  walls  to  afford  room  for  the  descent  of  the  weights. 

Immediately  below  the  bells,  and  on  a  level  with  the  centre  of  the  dials, 
will  be  fixed  the  bevel  wheel  work. 

Behind  each  dial  screwed  to  a  shelf,  will  be  placed  one  of  the  motion 
works,  communicating  with  the  bevel  wheel  wotk  by  a  rod.  Below  this 
will  come  the  movement  of  the  clock,  raised  above  the  floor  on  a  stoo^ 
about  3  feet  high,  and  connected  by  a  rod  with  the  bevel  wheels  above. 
The  single  hammer  tail  at  one  end  of  the  clock  should  then  be  connected 
with  the  largest  hammer,  which  strikes  on  the  largest  bell  (No.  5).  The 
himmer  tail  mt  back  of  clock,  (the  back  of  clock  is  where  the  pendulum 
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BTYiiigs,)  Will  bo  connectod  with  No.  4  bell ;  tho  next  tail  to  it  with  No. 
8,  and  so  on. 

Tho  hour  striking  part  and  tho  going  pnrt,  each  takes  48  tarns  to  go 
for  8  days,  the  chime  part,  75  turns.  Double  lines  should  be  used  os 
shown  on  dingram.  Tho  striking  part  takes  one  8-inch  weight,  and  4 
shifters,  tlie  going  part  a  small  weight,  and  2  small  shifters,  the  cliime 
part  one  8-inch  weight,  and  9  shifters,  as  75  feet  cannot  conveniently  be 
obtained  for  the  fall  of  the  quarter  weights,  this  part  of  the  clock  will 
have  to  be  wound  t^yics  a  week.  A  distance  of  50  feet  down  which  the 
going  and  strildng  weights  can  descend,  will  be  sufficient  to  enable  those 
two  parts  to  perform  for  8  days. 


Abstract. 


S3,0I6    Excayation  of  fonndation,  inclading  baling  water,  8cc,  at  Rs.  2-4-0 

per  100  cubic  feet, 495 

13|7tfS    Packa  masonry  and  concrete  in  fonndation,  at  Bs.  11-8-0  per  100 

cubic  feet, 1,583 

13,433    Ditto  siipcrstructarc,  at  Us.  24  per  100  cnbic  feet,        .,       .        •  3,229 

17,027    Sal  wood-work,  at  Rs.  3-8-0  per  foot, 69G 

2    Iron  girders,  at  Us.  80  each, CO 

8,557    Stoao  work  moulded,  nt  lis.  4  per  foot, .        .        .        .        .        .  14,208 

4]    Maundi  copper  work,  at  lU.  100  i>or  maand,          ....  450 

80     Ciips  and  pinnacles  carving,  at  lU.  20  each,          ....  400 

Total,     .        .  21,080 

Contingencies  at  Bs.  5  per  cent.,  .....  1,054 

Grand  Total  Bnpees,       .       .  22,134 
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BEPORT  ON  EXPERIMENTS  MADE  ON  KUNKUR  MOR- 
TARS AND  CONCRETE. 

[F<Vftf  Plate  XL] 


By  a.  NiELi-T,  Esq.,  Assisl.  Engineer  in  Charge  of  Experiments. 


Gurddsp&r,  2Zth  February,  1873. 
This  report  T?ill  be  divided  into  two  parts.  '  The  first  treats  of  kunkur 
cement  mortars ;  describes  simple  nnnlytical  and  experimental  means  of 
testing  the  cementing  properties  of  kunkur;  proves  that  most  of  the 
burnt  kunkars  belong  to  the  class  of  cements ;  and,  lastly,  gives  an  outline 
of  the  manner  in  which  it  is  proposed  to  conduct  some  experiments  on 
artificial  cement. 

In  the  second  part  will  be  found  the  fundamental  principles  on  which 
concrete  making  is  based,  the  results  of  experiments  on  specimens  of 
concrete  tested  at  Madhopur,  and  some  suggestions  derived  from  those 
experiments;  also  comparisons  between  our  results  and  those  obtained 
elsewhere :  this  is  followed  by  a'  brief  description  of  Coignet's  system  of 
stone  making,  and  by  a  recapitulation. 

Paut  I. — The  kunkur  cement  laid  experimentally  last  year  in  the 
great  weir  at  Madhopur  having  been  successful,  orders  were  given  to 
cement  the  upper  layer  of  the  repaired  portion  of  the  weir  with  kunkur 
cement  mortar.  The  cement  made  at  Rnniah  witli  the  unwashed  nodule  of 
Bathala  kunkur,  and  at  Pathankote  with  vesicular  tufa,  was  supplied  fresh 
and  unslaked  to  Lieut.  S.  Jacob,  R.E.  This  officer  having  satisfied  him- 
self that  when  water  was  mixed  with  the  material  supplied  to  him,  Che 
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setting  action  commenced  almost  immediately,  came  to  the  conclnsion 
that  he  had  to  deal  with  a  natural  cement,  and  treated  it  as  such ;  that 
is,  ground  it  as  fine  as  practicable,  and  laid  it  in  the  work  immediately 
after  it  had  been  wetted,  taking  great  care  that  no  cement  should  be  left 
wet  in  the  erening  for  the  following  day's  work.  Each  day's  masonry 
was  covered  with  a  layer  of  wet  sand,  which  was  kept  moist  as  long  as 
necessary.  The  season  of  the  floods  has  now  passed,  and  although  there 
has  been  no  such  heavy  flood  this  year  as  the  year  before,  still  a  very  large 
body  of  water  has  been  continually  passing  over  the  weir,  and  the  only 
damage  done  to  the  repaired  portion,  is  one  small  hole,  from  which  about 
eight  boulders  have  been  displaced. 

The  grinding  of  the  cement  for  the  above-mentioned  works  was  a  very 
great  improvement  on  the  manual  pounding,  although  the  degree  of  fine- 
ness obtained  was  only  sufficient  to  allow  the  ground  cement  to  pass 
through  a  sieve  of  40  meshes  to  the  inch  (it  should  pass  through  a  sieve 
of  from  60  to  80  meshes).  Lieut.  Jacob  took  advantage  of  the  water 
power  at  his  disposal  to  erect  native  mills  close  to  the  works,  and  after 
breaking  the  bamt  kunkur  in  smaller  fragments,  ground  it  in  the  same 
way  that  com  is  ground.  It  was  found  that  the  rough  state  of  the  mills 
made  them  troublesome,  so  improvements  are  now  being  considered  with 
a  view  to  using  cheap  water  power  on  the  works  for  the  remodelling,  and 
on  the  manufacture  of  artificial  cements. 

At  the  last  closing  of  the  canal  in  January  1872,  I  was  ordered  to 
carry  oat  the  repairs  of  the  rapids,  and  was  allowed  to  nse  kunkur 
cement  for  the  work.  The  quantity  of  cement  at  hand  being  limited,  a 
third  in  bulk  of  stone  lime  was  mixed  with  the  cement,  and  the  concrete 
was  composed  as  follows : — 2  kunknr  cement,  1  stone  lime,  «3  pebbles  from 
bed  of  canal. 

It  was  explained  in  a  previous  report  that  the  mixture  of  1  stone  lime 
to  2  kunkur  cement,  gave  a  better  proportion  of  caustic  lime  to  clay : 
another  reason  for  this  mixture  is  that  the  great  setting  activity  of  the 
cement  is  beneficially  retarded  by  the  mixture  of  lime,  when  that  mixture 
does  not  exceed  the  proportion  of  I  to  I  (see  General  Gillmore's  Practical 
Treatise  on  Limes,  &c.,  paras.  381  and  550).  Some  Engineers  in  this  pro« 
Tince  have  before  found  experimentally  that  it  is  advisable  to  mix  stone 
lime  with  kunkur  cement ;  but  the  variety  of  burnt  kunkur  with  which  it 
is  good  to  mix  stone  lime,  not  having  been  pointed  ont»  and  the  cause  of 
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till  beneficial  action  not  haring  been  explained  as  abore,  other  Eogineen 
were  led  to  donbt  whether  any  advantage  was  gained  by  the  mixtare. 
(.See Mr.  J.  C  Tanner's  yaluable  report,  dated  29th  Sept.,  1869,  and  Mr. 
£.  C.  PslmeT'B  able  report  on  certam  experiments,  &e.)    In  truth,  the  com- 
position of  kunkurs  yaries  so  much  that  it  cannot  be  said  in  a  general 
way  that  atone  lime  ought  to  be  mixed  with  what  is  known  under  the 
popular  name  of  kunknr  lime :  for  instance,  if  the  mixture  with  stone  lime 
is  good  for  Bathala  cement,  it  would  be  decidedly  bad  for  Yahn  or 
Lucknow  No.  1  kunkurs,  which  contain  already  an  excess  of  lime. 

It  should  be  here  mentioned,  that  much  confusion  arises  from  the  fact 
that  burnt  kunkurs  are  commonly  classed  under  one  head,  no  proper 
nom^dature  being  adapted  for  the  different  yarieties.  In  consequenoe 
of  this,  rules  for  hydraulic  limes  are  often  wrongly  applied  to  cementsi 
and  bad  mortar  made  out  of  really  good  materials.  However  chemistry 
alone  can  make  the  required  discrimination,  so  simple  chemical  means  of 
ascertaining  the  cepienting  values  of  kunkurs  will  be  given  further  on  in 
this  report. 

To  return,  however,  to  the  subject  of  repairs  to  the  Rapids,  the  setting 
activity  of  the  Bathala  cement,  even  when  mixed  with  stone  lime,  was 
taken  advantage  of  to  repair  deep  indentations  in  the  cutwatet  of  a  few 
piers  damaged  by  logs ;  it  was  also  relied  on  to  build  one  of  the  missing 
piers  of  No.  7  Rapid,  and  to  fill  the  interstices  between  the  boulders  in  a 
chosen  space  in  the  centre  of  Rapid  No.  10,  24  hours  before  the  re* 
opening  of  the  canal. 

Coarse  sand  having  been  foand  in  one  of  the  fajbuhas,  a  sand  mortar-— 
composed  of  2  volumes  kunkur  cement,  1  volume  of  lime,  3  volumes 
coarse  sand — was  used  to  carry  out  largo  repairs  at  the  bottom  of  the 
dstem  of  a  vertical  fall,  and  as  the  samples  of  this  mortar  kept  in  water 
have  taken  a  high  degree  of  induration,  it  is  expected  that  such  mortar 
will  be  saccessfnl,  and  that  it  will  be  possible  to  effect  a  great  saving 
both  in  labor  and  material,  by  using  this  sand  on  the  projected  works. 
As  the  mortar  used  on  the  Rapids,  however,  is  still  undergoing  trial, 
and  as  until  the  canal  is  closed  in  January,  1873,  it  will  not  be  possible 
to  closely  examine  the  repaired  portions  and  draw  any  conclusions,  no 
more  will  be  said  on  this  subject  at  present. 

We  will  now  turn  to  a  very  important  point,  and  one  on  which  very 
eoufficting  ideas  exist:  viz.,  the  more  or  less  wet  state  of  mortar  when 
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ready  for  nse.  It  is  agreed  that  tlieoreticallj  the  less  water  a  mortar 
contains  within  certain  limits  tlie  better  it  is,  and  there  is  no  doubt  that 
an  apparently  incoherent  mortar  used  for  concrete  laid  in  a  place  where  it 
can  be  easily  rammed  will  give  the  best  results ;  because  the  cohesion  of 
the  elements  of  the  concrete  is  completed  by  the  blows  of  the  rammer.  If 
there  is  a  large  excess  of  water  in  the  mortar,  the  action  of  the  rammer  is 
impeded  by  the  quicksand  motion  which  takes  place,  and  the  result  is  a 
rery  porous  and  comparatively  feeble  concrete.  If  there  is  only  a  small 
excess  of  water,  a  film  of  jt  simply  oozes  out  of  the  surface  rammed 
and  the  result  U  a  concrete  slightly  more  porous  than  if  the  exactly  cor- 
rect quantity  of  water  had  been  mixed.  As,  however,  few  have  acquired 
the  pruclicc  of  judging  that  quantity  of  water,  it  is  recommended  to  use  a 
small  excess  rather  than  run  the  risk  of  leaving  the  concrete  deficient  in 
dampness.  But  if  an  apparently  incolicrent  mortar  is  very  good  under 
the  influence  of  the  rammer,  it  will  not  answer  under  the  influence  of  iho 
trowel,  even  when  handled  by  an  European  mason.  The  incoherent  par- 
ticles of  the  mortar  which  incessant  blows  only  will  join,  remain  divided, 
and  if  such  mortar  even  when  composed  of  the  best  cement  is  used  by 
the  mason,  it  will  be  found  on  the  following  day  to  have  fallen  to  powder. 
In  the  absence  of  ramming,  water  is  therefore  the  agent  which  brings  the 
particles  together,  so  the  European  mason  is  provided  with  a  solid  paste 
of  which  he  can  take  a  good  quantity  on  his  (rowel,  and  throw  it  so  as 
to  fill  all  the  interstices  of  the  material  he  is  building  with  ;  whereas 
the  Indian  mason,  who  has  to  work  in  an  atmosphere  which  so  quickly 
absorbs  moisture,  who  besides  likes  to  exert  himself  as  little  as  he  can, 
uses  a  much  less  solid  paste,  which  runs  almost  of  itself  in  the  inter- 
slices. 

This  produces  work  more  porous  than  good  European  mortar,  but  fairly 
strong  if  the  ingredients  used  arc  of  good  quality  ond  properly  mixed. 
It  is  unwise,  therefore,  to  force  native  masons  to  use  a  stiff  mortar,  as  any 
change  of  that  kind  is  sure  to  produce  masonry  left  incoherent,  an  evil 
much  greater  than  porous  mortar.  When  a  mortar  composed  of  fat  lime 
and  puzzuolana  of  some  sort  is  used,  porosity  has  its  advantages,  as  it  facil- 
itates the  ingress  of  carbonic  acid,  and  the  consequent  quicker  solidifica- 
tion of  the  mortar.  When  good  cement,  natural  or  artificial,  is  used,  the 
small  excess  of  water  can  do  little  harm,  for  we  find  that  some  eminent 
Engineers  and  chemists  of  different  countries  Lave  solidified  blocks  of 
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fr&Tel  uA  lobbies  by  forcing  liqnid  cement  tlirotigh  tbcm;  (General 
GillaiOTe,  paras.  494,  509,  515;)  and  ogain  we  see  that  nature  pro- 
doeea  many  of  its  masses  of  conglomerates  and  sandstones  by  the  in- 
filtration oi  calcareous  matter  through  incoherent  masses  of  boulders  and 
sands. 

The  greatest  cause  of  anxiety  for  an  Engineer  in  charge  of  masonry 
works  is  not  therefore  the  small  excess  of  waler  that  his  native  masons 
Qse,  but  rather  that  the  setting  energy  of  his  kunkur  cement  should  not  be 
broken,  and  the  strength  of  his  cementing  material  be  not  reduced  to  that 
e£  ieeblj  hydraulic  lime,  by  the  employment  of  mortar  in  which  the  set- 
ting action  has  been  going  on  for  some  time.  This  point  is  so  important, 
that  every  effort  will  be  made  in  this  paper  to  induce  those  who  have 
to  deal  with  kunkur,  to  satbfy  themselves  that  the  material  called 
'*  kunkur  lime  *'  comprises  a  variety  of  materials,  most  of  which,  if  Yicat^s 
typical  classification  is  adiiered  to^  belong  to  the  classes  of  cements,  and 
cannot  therefore  be  treated  like  hydraulic  limes,  (see  page  124  of  this 
report.) 

There  are  however  reasons  for  suspecting  that  a  kind  of  kunkur  (among 
the  richest  in  carbonate  of  lime),  belongs  to  that  dangerous  class  of  inter- 
mediate or  limit  hydraulic  limes.  This  class,  which  does  not  appear  to 
occur  in  England,  is  well  known  to  the  American  and  French  authorities 
on  limes  and  cements,  who  agree  in  advising  that  they  should  not  be 
used  except  with  great  caution.  These  intermediate  limes  which  set 
with  very  great  rapidity  in  air  and  water,  suddenly  loose  their  cohe- 
sion, crack,  expand  and  soften,  a  few  hours  after  having  been  used  like 
cements. 

Vieat  and  Oillmore  say  that  they  can  be  reduced  in  setting  activity  by 
remixings  with  water,  and  that  they  can  be  brought  to  the  standard  of  or- 
dmary  hydraulic  limes,  and  used  as  such.  It  appears  probable  that  the  use 
of  intermediate  kunkur  limes  in  India,  gave  rise  to  the  popular  saying 
among  contractors  and  overseers,  that  water  is  the  life  and  soul  of  kunkur 
lime,  and  gave  birth  to  the  public  works  rule*  that  kunkur  lime  requires  to 
be  soaked  for  24  hours  and  thoroughly  worked  with  water.  This  rule  is 
applied  in  practice,  not  only  to  the  kunkurs  which  produce  hydraulic  or 
intermediato  limes,  but  to  those  which  produce  cements ;  the  result  is  that 

•  Th«  nsle  alliidod  to  i«  no!  in  tho  Coda,  bat  if  one  o'  thoM  traditional  rnl«i  -wbieh  ought  to  b«* 
«ome  obaolcto. 
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the  settiBg  qualities  of    the  cements  are  destrojed,  and  that  they  are 
reduced  to  the  standard  of  feebly  hydraulic  limes. 

Now  let  us  proceed  to  the  means  within  reach  of  every  Engineer  of 
discoYering  for  himself  the  class  of  limes  and  cements  to  which  the  rnate^ 
rial  at  hand  belongs.  The  two  principal  components  of  our  cementing 
materials, "  carbonate  of  lime  and  clay  "  are  the  only  ones  which  it  is  ab- 
solutely necessary  to  know  to  classify  our  materials.  The  knowledge  of 
the  other  components  is  useful  in  this  way  that  when  at  some  future  time, 
a  number  of  analyses  of  cementing  materials  and  the  results  they  give 
when  used  in  mortar  and  in  concretes  shall  have  been  recorded :  the  che- 
mist and  the  Engineer  will  be  able  to  draw  sound  inferences  as  to  the 
action  of  each  component  on  the  setting  qualities,  and  on  the  ultimate 
power  of  induration.  It  is  advisable,  therefore,  that  complete  analysis  and 
experiments  should  be  recorded  by  special  men ;  but  as  long  as  the  inferen- 
ces cannot  be  drawn  on  a  sufficiently  wide  and  sound  basis,  the  two  prin- 
cipal ingredients,  "  carbonate  of  lime  and  clay,"  will  be  the  only  ones  of 
immediate  interest  to  the  Engineer.  The  question  is,  therefore,  how 
iheir  determination  can  be  obtained  by  simple  means. 

The  process  by  hydrochloric  acid  haying  been  detailed  in  several  popular 
publications,  it  may  be  supposed  to  be  familiar ;  it  will  not  be,  therefore, 
described  again,  and  the  examination  of  the  results  obtained  by  that  pro- 
cess shall  be  proceeded  with.  The  action  of  hydrochloric  acid  is  simply  to 
isolate  the  silica  and  insoluble  silicates,  whose  weight  is  obtained  and  re- 
corded, but  it  would  expose  us  to  great  errors  if  in  all  cases  we  took  the 
difference  between  the  above  weight,  and  the  total  weight  of  the  sample  as 
the  weight  of  the  "  carbonate  of  lime."  The  reason  of  this  is,  that  the 
Bolntion  thrown  away  contains  not  only  the  lime  united  with  the  hydro- 
chloric acid  under  the  form  of  chloride  of  calcium,  but  also  the  alumina^ 
oxide  or  peroxide  of  iron,  magnesia,  potash,  soda,  &c.,  the  sum  of  which 
last  elements  is  often  more  thtn  two-fifths  of  the  total  weight  of  the 
•ample.  The  error  committed  is  a  rmnimum  when  the  material  analysed 
b  nearly  pure  carbonate  of  lime,  a  kind  o!  Hme  rare  in  the  Punjab :  the 
^rror  is  a  maximum  when  the  material  is  an  ii2}pa»  carbonate  like  our 
konkurs. 

The  process  by  hydrochloric  acid  leading  to  great  errors,  Jh«  detail  of 
another  process  which  can  be  found  in  Mohii  YoL  1,  page  69,  ?^  f^ 
prooeeded  with. 
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Ihe  pfrincSple  on  wbich  the  following  process  is  founded  is  that  one  cubic 
cen^etre  of  nitric  acid  decomposes  '05  gramme  carbonate  of  lime.    The 
cheimcalB  required  are  nitric  acid  and  canstic  potash  or  soda,  so  combined 
in  Btrengih,  that  one  cnbio  centimetre  of  canstic  potash  will  exactly  nen- 
traliae  one  cubic  centimetre  of  nitric  acid  :  also  liimns  paper  or  tinctare. 
Iht  instruments  necessary  are  two  of  Mohr's  graduated  tubes  with  glass 
eocks  and  stand.     When  the  raw  material,  which  is  to  be  experimented 
npon,  has  been  Gnely  powdered,  so  that  no  grittiness  remains  in  it,  take 
one  gramme  for  instance,  place  it  in  a  cap  under  the  graduated  tube  con- 
taining nitric  acid,  and  let  the  acid  flow  gently  on  the  powder  nntil  litmus 
paper  dipped  in  the  solution  turns  red,  or  until  all  effervescence  ceases. 
8oppose  when  this  happens  that  15*5  c.c.  of  acid  have  been  expended ; 
since  the  reddening  of  the  litmus  does  not  show  exactly  that  all  the  car- 
bonate of  lime  has  been  decomposed,  add  some  more  nitric  acid,  say  2^ 
c.c,  so  that  18  C.C.  of  nitric  acid  will  have  been  employed.     Having  used 
more  than  was  required  we  must  find  the  excess ;  this  is  done  by  carefully 
adding  caustic  potash  to  the  solution  until  it  is  neutralised,  which  is  shown 
by  its  action  on  litmus.     Suppose  2  c.c.  of  caustic  potash  have  been  em- 
ployed to  obtun  that  result,  then  18  —  2  ==  16  c.c.  is  the  real  volume 
of  nitric  acid  which  has  entirely  decomposed  the  carbonate  of  lime ;  then 
as  1  cc  nitric  acid  shows  *05  carbonate  of  lime,  so  16  c.c.  nitric  acid  show 
'8  carbonate  of  lime.     Our  sample  contains  therefore  80  per  cent,  car- 
bonate of  lime,  and  20  per  cent,  clay,  and  is  likely  to  be  an  eminently 
hydraulic  lime. 

If  the  sample  was  suspected  to  contain  sand,  50  grains  of  it  shouM 
be  treated  by  the  hydrochloric  acid  process,  and  when  the  silica  and 
insolnble  silicates  would  have  been  obtained,  the  sand  should  be  separated 
from  the  silica  by  careful  washings,  the  we^ht  of  it  ascertained,  and 
deducted  from  the  amount  of  clay  previously  obtained  by  the  nitric  aeid 
process. 

The  above  simple  ways  of  finding  the  two  principal  components  of  our 
knnkurs,  <* carbonate  of  lime  and  clay,*"  and  also  sand,  which  is  rarely 
present,  having  been  given,  it  might  be  thought  that  all  that  is  needed  in 
order  to  classify  them  had  been  done.  But  this  is  not  the  case,  because 
analyses  of  raw  limestones  rarely  give  perfectly  accurate  ideas  of  the 
nature  of  the  cementing  material  it  will  produce  after  burning,  the  degree 
of  hydraulicity  often  depending  on  the  degree  of  combustion.     A  few 
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simple  ways  of  testing  the  burnt  material  irill  be,  therefore,  described. 
The  following  test  should  not  be  applied  to  materials  bornt  by  contrac- 
tors, except  for  the  sake  of  comparison,  as  pure  cementing  material  is 
not  to  be  expected  from  those  who  can  so  safely  adulterate  their  produce. 
The  Engineer  should  therefore  burn  departmentally,  and,  if  possible 
under  his  own  eye,  one  or  two  hundred  cubic  feet  of  the  raw  material  in 
the  ordinary  conical  kiln  ;  the  fuel  may  be  oopla  in  the  proportion  of  2 
Tolumes  oopla  to  1  volume  kunkur,  during  the  hot  season,  and  of  S  volumes 
oopla  to  1  volume  kunkur  during  the  coldest  part  of  the  winter.  The 
exterior  of  the  kiln  should  be  plastered  with  mud.  Wiicn  the  kiln  is 
unloaded,  a  set  of  coolies  supplied  with  baskets  should  be  placed  round  it, 
to  pick  up  carefully  from  the  ashes  and  make  separate  stacks, 

1st,  Of  the  kunkur,  which  is  light  and  easy  to  break  with  the  hand ; 

2ndf  Of  the  kunkur,  which  is  still  hard  and  heavy ; 

3rdy  Of  the  vitrified  kunkur,  to  which  adheres  generally  some  kunkur 
from  which  the^carbonic  acid  has  been  completely  expelled.  When  the 
kiln  is  carefully  made,  the  qualities  2  and  3,  constitute  only  from  5  to  10 
per  cent,  of  the  kunkur  placed  in  the  kiln,  and  they  are  useful  in  this  way, 
that  they  furnish  samples  of  the  material  at  various  stages  of  burning, 
and  enable  us  to  find  by  experiments  at  what  stage  of  combustion  the 
burnt  material  gives  the  best  cements. 

When  those  samples  have  been  selected,  tried  as  to  their  power  of  slaking, 
and  tested  with  an  acid  to  ascertain  the  presence  or  absence  of  carbonic 
acid,  they  are  subjected  to  simple  experiments,  the  object  of  which  is  to 
ascertain  their  hydrauUcity  or  power  of  setting  under  water.  For  these 
experiments  Vicafs  needle  (adapted  to  English  measures  by  General 
Gillmore,  who  gives  of  it  a  good  description,  and  a  drawing,  and  also  the 
results  of  many  experiments)  is  certainly  a  useful  instrument,  but  as  it  is 
not  to  bo  found  except  in  the  office  of  men  who  make  a  regular  business 
of  the  study  of  limes  and  cements,  we  must  try  to  do  without  it.  A  very 
fair  knowledge  of  the  setting  qualities,  and  of  the  ultimate  degree  of 
induration  of  the  kimkur  at  various  stoges  of  combustion,  may  bo  easily 
obtained  by  making  a  good  number  of  little  balls,  with  every  sample, 
reduced  to  fine  powder,  marking  these  balls,  placing  them  under  water  of 
at  various  intervals  of  time,  carefully  examining  Uiem  and  recording 
every  step.  An  ordinary  needle  can  be  used  to  test  the  hardening  action 
M  the  feeling  of  more  or  less  genUe  pressure  everted  by  the  hand,  is 
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nifficieni  to  ^ire  ah  idea  of  the  rapidity  with  which  that  action  is  going 
OIL    The  baUs  sliould  be  tried  and  examined  in  Uio  above  wnj  for  one  or 
two  toohIIiSy  and  tho  results  carefullj  noteil.     After  that  time,  the  En- 
gineer ¥Ei\\  be  able  to  come  to  a  conclusion  as  to  wliich  sample  has  given 
the  best  retsult.      It*  should  be  remarked  here  that  it  is  not  always  Iho 
uxnp\e  wbich  baa  set  first,  which  at  tho  end  of  one  month  and  sometimes 
more,  proves  to  bo  the  strongest. 

When  Uie  Engineer  has  thns  ascertained  the  principal  components  of 

the  material  at  hand,  the  degree  of  combnstion  which  best  suits  the 

materials,  and  the  setting  qualities  of  each  by  the  above  plain  analysis 

and  experitnentOy  he  will  be  in  possession  of  all  the  mniu  points  upon 

which  the   sabseqncnt  arrangements  for  bnrning  kunkurs  and   making 

mortars  and  cements  are  to    be   founded.     There  are,  however,  other 

dctaiU  which  it  is  nseful  to  work  out,  such  as  tho  complete  analysis 

already  mentioned,  the   resistance  to  pressure,  to  transverse  strain,  the 

tenacity,  &c.,  but  these  are  rather  within  the  province  of  special  men  who 

onght  to  bo  in  possession  of  all  the  apparatus  required  for  finding  such 

results. 

If  the  "Roorkee  Treatise"*  and  tho  various  reports  drawn  up  before 
the  year  187 1»  are  consulted  as  regards  the  knowledge  of  the  kunkurs, 
and  the  cementing  materials  they  produce;  it  is  found  that  kunkur  lime  is 
iiifi  general  appellation  under  winch  all  tho  varieties  fall.     The  effects  of 
such  generalization  have  been  pointed  out  in  page  117.    The  true  appella- 
tion of  cements  is  therefore  claimed  for  most  of  the  burnt  kunkurs.     The 
analyses  given  in  the  "Roorkee  Treatise,*'  Vol.  1,  2nd  edition,  para.  77, 
and  those  given  in  the  last  number  of  the  '*  Roorkee  Professional  Papers/' 
by  Doctor  Murray  Thomson,  F.R.S.E.,  furnish  proofs  of  their  right  to  be 
called  "cements."    If  these  analyses  are  condensed  in  tho  two  principal 
sub-divisions  of  "  carbonate  of  lime  and  clay,"  as  in  Table  B.,  and  if  they 
are  compared  to  the  types  given  by  Vicat  in  Table  A.,  most  of  them  are 
found  to  belong  to  the  classes  of  cements.    Tlio  ^*  Roorkee  Treatise  *'  states, 
that  Yicat*8  classification  has  been   adopted ;    there  is  however  some 
difi'orence  between  tho  percentages  given  by  tho  Table  A.,  and  the  percent- 
ages given  in  para.  79  of  the  Treatise,  2nd  edition,  and  the  important  type 
of  intermediate  limes  has  been  altogether  omitted. 

•  Tbfl«  icmtfki  nte  to  the  1st  and  Snd  adlttonc    In  tba  Scd  Iditftom  latar 
JEsakar  OHOttto  haiw  imn  noovdtd.— (Bo  J 
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Table  A. 

ViCAT's  division  in  types  op  hydraulic  LIMK8  AND  CEMENTS. 


1 

3 

3 

-1 

£ 

6 

7» 

A 

» 

Princtpftl 
tooiponeiiti. 

Is 

^  ■ 

a?  P 

la 

as 

li" 

li 

ii 

IJ 

"So 

^1 

^1 

11 

1 

5^ 

Unburtit  Stiiite, 

89 

83 

so 

7T 

73 

64 

55 

Sd 

}6i 

O&jr -<    -^- 

11 

17 

20 

£3 

27 

36 

45 

61 

B3'6 

9  Type  7  is  not  from  Yicat,  in  whose  time  the  best  type  of  cement  had  not  been  yet  asoertainod. 

Table   B.* 
glyino  the  classification  of  kunkults  analysed  at  roorkee. 


Kames  of  kunkors. 


Carbonate  of 
lime. 


Clay. 


Classification  by  Table  ▲. 


Ghazeepore  kunknr,... 

72 

28 

Type  5,  cement  inferior  limit 

72-3 

27-7 

n                    If                    t» 

„        No.  2,     ... 

70-2 

29-8 

II                    II                    i» 

„        No.  8,     ... 

67-7 

32-8 

Close  to  type  6,  ordinary  cement. 

SahanxDpore,  No.  1, ... 

6718 

42-82 

„            „    7,  superior  cement. 

„        Na2,.., 

7983 

20  67 

Type  3,  eminently  hydraulic  lime. 

„        No.  8,... 

78-64 

21-46 

,,      4,  bordering  the  intermediate 

limes. 
„       7,  close  to  superior  cements^ 

Allahabad,t 

62-80 

47-20 

Delhi,  No.  1, 

6349 

46-51 

II               II                   II 

„       No  2, 

28-97 

7103 

Between  types  8  and  9. 

Vicat  and  also  Oillmore  (whose  work  is  a  resani^  of  all  the  modem  ex- 
perience acquired  in  England,  America,  and  France  on  limes  and  cemenU) 

*  The  daasiflcation  given  in  Table  B.  is  based  only  on  the  elementoiy  analyses  of  raw  Materiah, 
It  requires  therefore  to  be  confirmed  by  the  experiments  described  in  page  122. 

t  From  information  reoelTed  from  Allahabad,  It  is  ascertained  that  the  Allahabad  and  Delhi  kun- 
kors are  rery  Inferior.  This  fact  might  have  been  deducted  from  Dr.  Murray  Thomson's  analyses, 
which  show  that  the  proportioii  of  allloa  being  Ttry  great,  the  days  and  conseqiwntly  the  burnt 
konknn  which  oontaln  them  arc  Teiy  inferior. 
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ti«  ttie  waihorilies  on  whom  are  based  the  opinions  expressed  in  the 

preeedlug  pages*      Nataral  cement  being  almost  exclasively  used  in  the 

T3mied  States,  there  cannot  be  a  better  gaide  for  the  Engineers  of  this 

MmnlTy,  tbaxi  the  excellent  book  written  bj  General  GiDmore,  and  alluded 

to  before.      For  the  opinions  which  are  about  to  be  brought  forward  on  the 

maQQfactnre  of  artificial  cement,  the  arguments  will  rest  on  the  verj  able 

nport  of  Colonel  Brownlow^  R.E.,  dated  1 1th  August,  1870,  on  the  recent 

liroika  of  the  English  and  German  Engineers  and  cement  makers,  Messrs. 

Heury  Reid  and  A.  Lipowitz,  and  also  on  General  Gillmore's  works. 

When  Colonel  Brownlow  wrote  hb  report,  he  must  have  thonght  that 
the  value  of  kunknr  as  a  cementing  material  was  not  sufficiently  knowni 
as  be  recommended  in  para.  9  of  his  report  that  samples  of  burnt  kunknr 
ahonld  be  made  with  ?iew  to  try  their  power  of  tenacity.  This  power  has 
not  been  yet  tested,  but  the  resistance  to  pressure  of  one  kind  of  kunknr 
cement  has  been  tried  in  various  ways,  and  the  results  will  be  found  in 
Table  C.  After  38  days,  unrainmed,  Bathala  cement  was  crushed  by 
0-38  tons,  or  860  fts.  per  square  inch :  and  after  34  days,  rammed  fiathala 
cement  was  crashed  by  1520  lbs.  or  0*68  ton.  It  is  therefore  equal  to 
Boman  cement,  according  to  Colonel  Brownlow  and  other  writers. 

The  problem  put  forward  by  Col.  Brownlow,  viz.,  that  of  making  a 
cement  the  strength  of  which  should  be  about  one-third  the  strength  of 
Portland  cement,  has  been  therefore  solved  without  entering  upon  ex* 
pensive  experiments.  We  might  therefore  stop  here,  and  think  of  nothing 
else  Imt  the  study  of  our  varieties  of  kunkur  cements,  and  the  improvement 
of  their  qualities;  we  should  not  then  be  in  a  worse  position  than  the 
United  States,  where  according  to  Gillmore,  natural  cements  are  almost 
exclusively  used.  But  since  the  improvements  in  artificial  cement  making, 
introduced  lately  in  Germany,  it  has  become  possible  to  make  Portland 
cemejit  wherever  *'  marl  clay  "  in  the  absence  of  chalk,  and  '*  potter^a 
clay  "  in  the  absence  of  river  day  are  to  be  found,  it  has  been  thought 
adnsablcy  although  not  absolutely  necessary,  to  begin  initiatory  experi- 
ments on  artificial  cement. 

Colonel  Brownlow  thonght  that  the  cementing  material  which  we 
might  make  of  slaked  lime  and  clay,  would  not  possess  greater  tenacity 
than  one-third  of  Portland  cement;  this  opinion  is  confirmed  to  some  extent 
by  all  anthora  who  agree  in  classing  such  cementing  material  amongst 
the  hydraolio  limes,  and  not  amongst  the  cements.     In  such  a  case 
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therefore,  we  would,  gain  nothing  by  trying  to  make  it.  Besides,  the 
possibility  of  making  and  using  such  double  kilned  hydraulic  lime,  has  been 
tried  in  many  places  in  India,  and  very  successfully  carried  out  at  Kurra- 
chee.  Wo  would,  therefore,  have  only  to  walk  in  the  footsteps  of  Mr. 
Price,  to  produce  an  equally  good  hydraulic  lime.  One  point,  however, 
remains  doubtful  with  regard  to  the  degree  of  combustion  to  which  that 
lime  should  be  subjected.  It  has,  as  yet,  been  burned  only  to  the  same 
extent  that  natural  hydraulic  limes  arc  burned:  perhaps  a  superior  degree 
of  combustion  causing  incipient  vitrification  would  make  it  a  cement. 
This  should  be  tried,  but  it  is  of  much  less  importance  than  the  making 
of  Portland  cement  with  the  marl  and  clays  of  localities  far  away  from 
the  sources  of  stone  lime.* 

The  great  difficulty  in  the  way  of  making  cement  is  foreseen  in  paro. 
16  of  Colonel  BrowuIow*s  report,  where  the  high  degree  of  heat  necessary 
to  produce  a  commencement  of  vitrification,  and  the  various  fuels  at  our 
disposal  are  spoken  of;  coal  and  consequently  coke  are  not  to  be  had  in 
the  Punjab.  The  deamess  of  charcoal  places  it  beyond  our  reach,  wood 
according  to  English  experience  will  not  do  in  the  ordinary  kiln,  while 
the  oopla,  which  is  tirst  rate  for  burning  natural  cements  in  the  ordinary 
rough  conical  clamps,  fails  completely  to  burn  artificial  cements  in  the 
same  clamps,  and  does  not  even  burn  natural  cements  well  in  the  ordinary 
perpetual  kiln.  If  we  had,  therefore,  to  employ  the  kiln  used  in  England 
for  burning  Portland,  it  is  not  likely  that  wo  should  succeed  in  making 
that  cement.  But  Americans,  are  now  using  perpetual  flume  kilns  in 
which  wood  may  be  used  as  a  fuel,  and  in  which  some  cements  are  overburnt. 
In  these  kilns  the  fuel  is  not  mixed  with  the  raw  material,  but  is  supplied  to 
two  or  more  furnaces  placed  at  the  base,  and  which  are  arranged  in  such  a 
way  that  the  flames  converge  and  meet  in  the  centre  of  the  kiln.  The  hole 
through  which  the  burnt  material  is  drawn,  is  not  on  the  same  side  as  the 
furnaces,  so  that  there  can  be  no  admixture  of  ashes  with  the  cement. 

•  The  writer  of  this  paper  icaat  not  be  nnderrtood  to  eay  tlMt  the  doable  kUned.hydranllc  lime 
■hoald  not  be  adopted  anywhere.  He  beUeree  on  the  oontrarj  that  there  are  plaoee  in  India  where 
it  woald  be  adTantageoos  and  eoonomlcal  to  make  it :  moreorer  he  thinka,  that  ae  oar  wealth  ia 
knnknr  ihall  be  qaicUy  exhaostod  by  road  making,  the  doable  kUned  hydraolio  lime  ie  lUcely  to  be 
the  cement  of  the  futora.  What  he  means  ie,  that  he  oonsiden  the  feaidbility  of  inch  lime  ae  a 
Mttled  qneetion,  and  that  all  we  hsTe  to  do  ii  to  ImproTe  on  the  preeent  menafaotore.  The  problem 
of  cement  mnking  which  he  has  in  Tiew  is  to  make  artifloial  cement  wherever  marl,  day  and  wood 
are  to  be  had,  wherever  he  coald  dispose  of  a  small  water  power  with  which  he  oonld  ose  the  rough 
native  mills  somewhat  improved.  If  this  problem  was  solved,  small  faetorisi  ooald  be  got  np  at  a 
■maU  expense  in  the  vloioity  of  important  works,  and  the  great  ooit  o(  oaxriage  woold  be 
thereby  saved. 
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Thi  nw  mateTi^  alone,  and  not  the  fnel,  has  to  be  taken  to  the  top  of 
ike  kUn,  ^bich.  maLkes  a  great  saving  in  labor.  More  information  than 
OIL  be  giTcn  in  tiliis  report,  is  to  be  foand  in  Gillmore's  treatise,  from 
pma.  237  to  258.  The  design  for  the  kiln  which  has  been  constmcted 
is  biaed  on  tihis  treatise.  The  plan,  elevation,  and  section  of  the  kiln, 
tie  giTcni  in  JPZaCe  3S.I. 

The  qnesiion  of  burning  having  been  so  far  settled,  the  following  qnes- 

tion  occniB,  iriz.,  wbich  of  the  two  methods  the  English  or  the  German, 

thftwet  or  tbe  dry,  method  of  mixing  the  ingredients  ought  to  be  adopted. 

The  advantages  and  disadvantages  of  both  methods  are  very  impartiallj 

conddered  in  detail  by  the  English  Engineer,  Henry  Reid  in  Chap.  V.  of 

Ids  work  on  Portland  Cement,  and  it  appears  that  space,  time  and  labor 

aie  greatly  economised  by  the  dry  system.     The  most  important  of  the 

advantages  of  this  last  mentioned  system  is  the  getting  rid  of  sand  by 

diasolTing  it  with  an  ''alkali,"  whereas  by  the  wet  system,  sand  has  to  bo 

extracted  mechanically  from  the  mixture  by  washing  and  deposition. 

The  dry  method  will  therefore  be  adopted  for  the  experiments. 

In  a  few  words,  the  manufacture  will  be  carried  on  in  this  way. 
Bathalaknnknr  and  the  clay  in  which  it  lies,  will  be  (in  the  absence  of  all 
others  in  the  vicinity  of  Runiah)  the  ingredients  chosen.  These  will  be 
broken  into  small  fragments,  dried,  ground  in  hand-mills  until  they  can 
pass  through  a  sieve  of  60  meshes  to  the  inch.  The  ingredients  will  be 
then  analysed  and  mixed  so  as  the  mixture  may  contain  55  per  cent. 
"  carbonate  of  lime.*'  The  mixture  will  bo  passed  through  the  mills 
again,  then  mixed  with  ^rd  of  its  bulk  of  water,  and  made  into  small 
balls  or  little  bricks.  These  balls  will  be  sun-dried,  for  one  doy  only,  and 
then  placed  in  the  kiln,  where  they  will  bo  submitted,  at  first  to  a  very 
low  fire  to  complete  the  drying,  and  then  burnt  until  a  commencement  of 
vitrification  takes  place. 

One  hole  is  made  in  the  kiln  through  which  samples  of  the  material 
can  be  drawn  and  studied  at  various  stages  of  burning.  Tiie  times  for 
drawing  the  bnmt  material  will  be  fixed  according  to  the  way  in  which 
the  kiln  is  found  to  act.  The  burnt  cement  will  be  broken  to  pieces  by 
hand  labor,  and  ground  in  hand-mills,  until  it  can  pass  through  a  sieve 
No.  60  mesh.  It  will  then  be  spread  on  a  dry  floor  for  about  a  week, 
after  which  time  it  will  be  moulded  into  bricks,  as  recommended  by  Col. 
Brownlow,  and  made  also  into  little  blocks,  so  that  the  power  of  tenacity 
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of  the  cement  after  seven  days  in  water,  and  its  power  to  resist  com- 
pression and  a  transverse  strain  after  forty  days,  may  be  ascertained. 

In  the  above  description,  tbe  alkali  part  of  the  dry  process  has  been 
neglected,  for  the  presence  of  sand  is  not  to  be  apprehended  in  the  mate- 
rials to  be  nsed.  The  alkalies  are  said  by  General  Gillmore  to  play  an 
important  part  in  the  hydraulic  induration.  In  para.  591  of  his  book,  he 
says  that  <<he  presumes  that  the  alkalies,  particularly  the  potash,  act 
by  first  dissolving  the  silica,  and  then  transferring  it  to  lime,  at  the 
same  time  that  the  water  acts  by  dissolving  the  lime,  and  carrying  it 
to  the  silica."  He  states  also  that  all  the  American  cements  contain 
more  or  less  of  the  alkalies,  sometimes  caustic,  and  sometimes  in  the  form 
of  chlorides  of  sodium  or  potassium,  and  that  these  chlorides  are  present 
in  their  best  natural  cements.  The  German  Engineer,  Lipowitz,  has 
the  same  faith  in  alkalies,  ho  recommends  mixing  some  carbonate  of 
soda  or  potash  with  the  water  used,  when  the  quantity  present  in  the 
ingredients  is  not  sufficient :  but  contrary  to  General  Gillmore's  ideas, 
he  does  not  recommend  the  use  of  chlorides  of  sodium  or  potassium, 
because  his  experience  teaches  him  that  all  cements  containing  chlor- 
alkalies  suffer  most  from  the  effects  of  the  weather. 

As  the  alkalies  seem  to  be  abtent  from  our  knnkurs,  and  many  other 
cements,  it  is  presumed  that  their  presence  is  not  absolutely  necessary. 
The  alkali  part  of  the  dry  process  will  therefore  be  set  aside  unless, 
M  before  stated,  it  is  necessary  to  dissolve  the  silica  in  the  state  of  sand 
present  in  the  mixture. 

Part  II. — So  far  back  as  1816,  Vicat  made  the  piers  of  the  bridge  of 
Bouillac  with  ramtned  b^ton,  but  it  is  only  of  late  that  b^ton  has  begun  to 
find  some  favor  in  England.  The  cause  of  this  is,  that  concrete  instead  of 
being  made,  like  b^ton,  of  well  slaked,  good  hydraulic  lime,  was  made  of 
unslaked  lime,  the  expansion  of  which  while  slaking  must  have  destroyed 
the  homogeneousness  of  the  concrete.  The  custom  of  using  unslaked 
lime  is  said  by  Henry  Reid  and  Gillmore  to  be  getting  into  disrepute 
in  England,  it  would  therefore  be  of  some  advantage  if  the  definition  of 
concrete  given  by  the  '<  Roorkee  Treatise  *'  was  modified,*  such  definition 
having  become  obsolete.    (Roorkee  Treatise,  Vol.  I.,  para.  128). 

Concrete  or  b^ton  might  be  defined  as  a  masonry  composed  of  an  inert 
material,  gravel,  broken  stone,  broken  kunkur  or  broken  bricks,  cemented 

*  It  hM  been  modified  in  tbe  9rd  Bditioii,  g.v.— CBd.] 
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hj  ft  liydnHilic  mortar  which  may  or  may  not  contain  sand ;  and  with 
wldch  liaa  been  mixed  jost  as  mnch  water  as  is  necessary  for  the  cbemi- 
al  hydratioii  of  the  lime :  chemical  affinity  being  called  into  action  by 
thai  hydration,  the  cohesion  of  the  mass  is  completed  by  some  kind  of 
preaaiire  irbich  brings  the  inert  materials  in  close  contact  and  fayors 
Iheir  bdng  enclosed  and  held  together  by  the  crystallising  or  setting 
eemmit.  Incessant  blows  of  rammers  has  been  as  yet  the  only  kind  of 
pfessnre  employed. 

The  proper  Tolome  of  mortar  oV  ''  gang  "  necessary  to  cement  the  inert 
materiaU  is  fonnd  by  filling  one  measure  (one  cubic  foot  for  instance) 
with  that  material,  and  pouring  on  it  from  a  graduated  vessel  the  quan- 
tity of  water  necessary  to  fill  the  intervals ;  this  volume  of  water  gives 
die  Tolnme  of  gang  just  necessary  to  cement  the  inert  material  used. 
The  Tolume  so  obtained  ought  to  be  increased  by  about  10  per  cent. 

From  the  aboTe  definition  we  learn  that  the  elements  of  perfect  con- 
crete are — 

1st.    The  best  of  the  inert  materials. 

2nd,    The  best  of  cementing  materials  or  gangs. 

Srd.  The  exact  quantity  of  water  chemically  required  for  the  hydra- 
tion of  the  hydraulic  lime  or  cement. 

4tth.    Accurately  measured  relative  quantities  of  inert  material  and 

bth.    Perfect  mixture  of  the  ingredients. 

Bth.    Perfect  ramming,  which  must  fulfil  many  conditions. 

It  seems,  therefore,  from  what  precedes  that  making  perfect  concrete 
is  not  a  work  so  unscientific  as  it  has  been  thought  to  be  by  Engine  ers, 
who,  having  yery  good  cementing  materials  at  hand,  succeeded  in  making 
good  monolithic  structures  without  troubling  themselyes  about  the  other 
important  elements  of  best  concrete  work.  It  is  true  that  if  the  cement- 
ing material  in  a  monoHthic  masonry  be  superior,  a  strength  much  beyond 
tiie  requirements  may  be  obtained,  although  the  excess  of  water  of  hy- 
dration, imperfect  mixture  and  inferior  ramming,  (which  if  carried  to 
perfection  are  the  most  expensive  parts  of  the  process,)  may  have  left  the 
work  80  porous  that  nun-water  could  percolate  through  it  (see  R.E. 
Papers  for  1871,  Vol.  XIX.,  page  6).  Time  alone  will  show  whether 
it  was  safe  to  construct  such  porous  masonry.  As  a  fact  bearing  also 
OB  the  question,  we  may  state  the  rejection  by  the  London  Board  of 
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Works  of  the  Coignet  systom  of  manufacturing  etones,  a  system  which 
is  nothing  clso  than  an  attempt  to  perfect  concrete.  When  Coignet 
offered  to  work  fur  the  Board  he  had  already  made  more  than  20  miles 
of  sewers  in  Paris  and  many  other  works  of  importance,  so  his  system 
had  been  proved  excellent.  However  the  Board,  being  able  to  make  its 
porous,  but  very  strong  Portland  cement  concrete  at  less  than  half  the  cost 
that  Coignet  could  make  his  concrete  stone,  rejected  his  offer  (Henry 
Bcid  on  Portland  Cement,  page  G9).  Coignet  might  have  reduced  the 
cost  of  his  concrete  by  using  only  good  slow  setting  Portland  cement  and 
increasing  the  proportion  of  sand,  while  the  Board  might  have  decreased 
the* porosity  of  its  monolithic  masonry  by  adopting  Coignet*8  ways  of 
bydrating  and  ramming. 

The  leading  principles  in  the  manufacture  of  concrete  having  been  thus 
explained,  the  results  of  experiments  on  specimens  of  b^ton  made 
with  Bathala  kunkur  cement,  burnt,  unwashed,  as  gang,  will  bo  proceeded 
with.  If  reference  is  made  to  Table  C,  three  sets  of  results  obtained  at 
three  different  epochs,  will  be  found ;  at  the  first  trial,  in  which  the  speci- 
mens are  marked  dry,  because  they  had  been  about  one  week  out  of  water, 
the  crushing  weights  exhibit  this,  as  yet,  unnoticed  fact  that,  with  the 
exception  of  sand  and  broken  bricks,  the  inert  material  mixed  with  the 
cement  did  not  weaken  it.  Another  fact,  noticed  in  the  previous  report,  is 
that  the  ground  mixture  of  bad  sand  and  cement  (a  new  way  of  treat* 
ing  cement  and  sand  invented  to  utilise  the  bad  sands  of  the  Punjab,  full 
of  slates  of  mica)  which  exhibited  such  strength  afterwards,  here  gave 
the  lowest  weight  as  if  to  show  its  slow  setting  activity.  It  will  be 
Tery  interesting  to  find  out  whether  the  grinding  of  the  mica  slates  and 
•ubsequent  long  immersion  of  the  specimens  in  water  favors  the  combina- 
tion of  the  alkali  contained  in  the  mica  with  the  fine  particles  of  sand, 
and  the  consequent  partial  silicatization  and  induration  of  the  specimens. 
At  the  second  trial,  made  also  on  dry  specimens,  the  neat  cement 
•hows  a  great  increase  in  strength  and  takes  the  first  rank,  although 
exhibiting  only  a  little  more  power  than  the  specimens  of  cement  mixed 
with  broken  kunknr  and  with  broken  boulders.  The  groond  aaixtiire  of 
bad  Band  and  cement  begins  to  show  its  saperiority  over  the  nngroond 
aaixUire,  and  obtains  a  crushing  weight  not  much  below  that  of  the  best 
•pedmensL  After  obtaining  the  crashing  weigbU  of  the  diy  lamplea,  aa 
il  was  eappoted  that  wetting  thm  weakaaed  thair  power,  obo 
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of  €«ck  kind  was  crashed  when  thorotigUj  satnrated  with  water,  and  the 
lenlts  ^ere  Bach  that  it  was  decided  to  make  all  future  experiments  on 
wet  speranens.  The  specimens  of  bricks  crushed  had  been  kept  six 
Bionihs  under  water  and  then  dried. 

At  the  third  trial,  the  dry  specimens  were  few,  bnt  as  far  as  the  ques- 
tion of  ramming  is  concerned,  thej  bring  conclusive  evidence  of  its  effect, 
more  irill  be  said  about  them  further  on.     The  crushing  weights  of  the 
wet  specimens  show  almost  equal  powers  in  the  samples  III.,  IV.,  VL, 
YIIL     The  mixture  of  cement  and  broken  boulders  seems  to  be  slightly 
the  best,  while  results  obtained  from  many  of  the  above-mentioned  samples 
leeched  one  ton  per  square  inch.     The  ground  mixture  of  bad  sand  and 
cement  shows  its  superiority  to  the  ungronnd  mixture,  and  proves  that  the 
process  of  grinding  improves  the  strength  by  50  per  cent.,  and  brings  the 
ground  mixture  nearly  to  the  standard  of  the  best  specimens.     The  sam- 
ples of  bricks  had  been  kept  24  hours  under  water. 

Affcer  these  general  remarks,  the  Table  G.  will  be  examined  under  the 
different  beads  of— 

Inert  materials, 
Mortar, 
Hydration, 

Mixture  of  ingredients, 
Ramming, 
some  suggestions  being  added  to  the  results  given  in  the  varions  tables  of 
experiments. 

The  best  of  our  inert  materials  appears  to  bo  split  boulders ;  the  cause 
of  this  can  be  thus  explained,  that  kunkur  being  much  weaker  than  crys- 
talline stone,  a  mass  of  fragments  of  hard  stones,  resting  well  on  each  other 
and  well  held  together,  is  likely  to  have  a  greater  strength  than  a  mass  of 
fragments  of  kunkur  equally  well  held  together.  The  weakest  of  the  inert 
materials  is  broken  bricks,  but  this  would  give  also  very  good  results  if 
fragments  of  bricks  in  an  incipient  state  of  vitrification  were  employed. 
The  inert  materials  should  be  well  soaked  in  water  before  being  mixed 
with  the  gang,  and  it  would  improve  them  if  they  were  soaked  in  a  solu- 
tion of  water  and  cement.  The  proportion  of  two  inert  materials  to  one 
cement  answered  well,  bnt  as  the  size  of  inert  materials  differ  greatly,  the 
proper  proportion  must  be  found  as  recommended  in  page  129  of  this  report. 
-   Neat  cement  made  the  strongest  mortar.    If  the  cement  employed  is 
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fast  Betting  and  cannot  be  therefore  prepared  beforehand,  the  setting 
activity  maj  be  retarded  by  the  mixture  with  it  of  an  equal  volume,  or 
less,  stone  lime,  or  by  grinding  with  the  cement  an  equal  volume,  or  less, 
rounded  clean  sand,  full  or  not  of  mica  slates.     One  volume  of  this  mor- 
tar could  be  mixed  with  about  two  volumes  of  inert  materials,  so  that  in 
the  case  of  sand  mortar,  the  volume  of  cement  used  would  be  about  one- 
sixth  of  the  materials  employed.     This  should  be  the  lowest  proportion 
of  natural  cement  adopted,  and  it  must  receive  the  best  ramming.     It  will 
be  seen  in  examining  the  crushing  weights  given  for  Specimen  IX.,  that 
such  a  kind  of  mortar  was  experimented  upon,  the  natural  cement  being 
only  two- fifteenths  of  the  total  volume.    This  proportion  of  cement  was  too 
small  for  works  subjected  to  much  strain,  and  the  crushing  weights  slightly 
exceed  only  half  a  ton  per  square  inch. 

The  quantity  of  water  required  varies  extremely  according  to  the  state 
of  the  weather,  and  according  to  the  age  and  quality  of  the  cement.  Judg- 
ing the  quantity  of  water  required,  is  an  affair  of  habit  which  an  intelligent 
workman  may  perform  well  after  a  little  practice.  The  wet  gang  must 
appear  quite  incoherent,  and  if  a  handful  of  it  is  taken  in  the  hand  and 
pressed,  it  must  show  some  cohesive  force  without  leaving  dampness  in 
the  hand.  If  a  fast  setting  cement  is  used,  just  the  quantity  required  on 
the  moment  should  be  hydrated.  The  wetted  mixture  must  be  well  shel- 
tered. 

On  small  works  hand  labor  may  be  employed  for  making  the  mixture, 
but  on  extensive  works  it  is  advisable  to  use  a  pug-mill,  when  sand  and 
cement  only  are  used ;  and  the  '*  betonniere ''  when  an  inert  material  of 
some  size  is  employed  with  the  gang. 

In  the  definition  of  concrete  it  has  been  shown  what  sort  of  action  the 
pressure  of  the  rammer  exerted  on  the  mass  acted  upon.  One  of  its  well 
known  effects  is  to  increase  the  specific  gravity  of  the  material  rammed, 
and  consequently  its  power  to  resist  pressure.  The  ramming  should  be 
therefore  carried  on  until  the  ultimate  specific  gravity  and  highest  strength 
are  obtained.  Practically  however  the  general  rule  adopted  is  to  stop  the 
ramming  when  the  surface  rammed  is  hard  enough  to  resist  the  pressure 
of  the  finger.  Table  C,  and  the  last  column  of  Table  E.,  contain  many 
proofs  of  the  effect  of  ramming.  In  Table  C,  at  each  trial,  the  rammed 
eement  shows  a  strength  nearly  double  of  the  strength  of  the  unrammed 
cement|  and  when  a  European  takes  the  rammer  in  hand,  to  show  the 
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M&vi  workmttfi  liow  to  work,  he  imparts  to  the  epecimen  he  is  acting 
opoQ  a  atreiigtli  liearlj  seyen-tenths  higher  than  the  greatest  strength  ob- 
tttiMd  by  tHe  natire.     Ramming  which  can  make  a  specimen  serenteen 
Bcmiba  old,  composed  of  natural  cement  and  raw  kunkur  in  the  propor- 
^oii  oi  1  to  2,  eqoal  to  specimens  of  Portland  cement  and  sand,  also  in  the 
|iTopovtloii  of  1   to  2  and  nine  months  old,  ought  not  to  be  neglected. 
Oeneral  GiUmore  compressed  the  specimens  on  which  he  made  his  experi- 
ments witb  a  power  equal  to  32  fts.  per  square  inch.    This  power  cannot  be 
leftobed  by  ordinary  manual  ramming.     The  rammers  used  at  Algiers  by 
eonTicts  weighed  24 1)8.,  with  a  surface  of  about  24  square  inches,  falling 
from  a  height  of  about  six  inches,  they  gave  a  pressure  of  about  one  and 
a  half  ponnd  per  square  inch,  no  account  being  taken  of  the  power  of  the 
WOfkman  who  baring  such  weight  to  work  with  for  several  hours  could  do 
no  more  than  lift  it.     Using  such  heavy  rammers  for  concrete  making  is 
not  adrisable  in  India,  and  10  fts.  is  about  the  mean  weight  which  agrees  best 
with  the  strength  of  our  coolies  and  with  steady  and  intelligent  ramming. 
These  10  lb.  rammers  lifted  to  a  height  of  about  12  inches,  and  driven 
down  with  some  force,  give  the  highest  result  to  be  obtained  bj  hand  labor, 
tmt  ibis  is  far  from  the  pressure  which  would  make  our  concrete  attain  its 
ultimate  specific  gravity.    In  the  case  of  concrete  block  masonry,  mechan- 
ical ramming  or  compressing  could  be  contrived  and  substituted  for  direct 
manna]  ramming,  bat  in  the  case  of  monolithic  arch  masonry,  the  difficol- 
ties  i«-appear,  and  ramming  must  be  to  some  extent  neglected,  the  loss,  of 
strength  being  then  redeemed  by  the  use  of  the  very  best  cementing  material. 
As  a  part  of  the  question  of  ramming  comes  that  of  good  joints.    The 
less  the  water  used  to  hydrate  the  cement,  the  greater  is  the  difficulty  of 
making  good  joints.     When  the  minimum  of  water  is  used,  the  surface 
jost  rammed  liaving  attained  great  hardness  must  be  thoroughly  scratched 
to  ensure  its  being  well  intermixed  with  the  next  layer.    The  wetter  the 
surfaoe  rammed  is,  the  softer  it  is  and  consequently  the  less  scratching  is 
reqmred  to  bring  about  the  thorough  joining  of  the  two  layers.     It  should 
be  remarked  here  that  the  use  of  fast  setting  cement  is  dangerous  fo^  the 
foints,  as  the  surface  rammed  quickly  sets,  and  the  scratching  of  it  des- 
troys the  setting  action  and  weakens  the  concrete  just  at  the  joint. 

Some  comparisons  will  now  be  drawn  between  our  results  and  those 
given  in  the  other  tables.  The  only  comparisons  that  we  can  establish 
between  the  crushing  weights  given  in  the  Tables  C.  and  D.'  are  those  in 
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which  neat  cement  or  cement  and  sand  are  concerned.  Looking  at  the 
result  given  by  the  dry  Specimen  III.  of  the  second  trial,  age  six  and  a 
half  months,  and  the  crushing  weight  of  neat  Portland  cement  at  six  months, 
it  is  found  that  nearly  half  the  strength  of  Portland  cement  has  been 
attained  by  our  natural  cement,  and  that  the  ground  mixture  of  two  cement 
to  three  sand  is  stronger  than  one  Portland  cement  to  four  sand ;  it  is 
found  also  that  our  neat  cement  at  six  months  has  attained  the  strength 
of  Portland  stone,  which  is  greatly  exceeded  afterwards  by  Specimen  V.  of 
the  third  trial. 

If  the  Tables  G.  and  E.  are  now  compared,  it  is  seen  that  onr  cmshing 
weights  can  bear  comparison  with  those  of  most  of  the  calcareous  stones 
used  in  France  for  building.  Table  E.  shows  also  that  the  ultimate  limits 
of  resistance  to  crushing  that  we  should  wish  to  attain  lies  between  two 
and  two  and  a  half  tons  per  square  inch. 

The  Coignet  system  of  manufacturing  stones,  which  was  said  to  be  an 
attempt  to  perfect  concrete  will  now  be  described.  The  stone  is  com- 
posed of  eminently  hydraulic  lime  and  sand,  or  if  that  lime  is  not  pro- 
curable of  the  best  lime  to  be  had,  cement  and  sand.  The  proi>ortion  of 
cementing  material  to  sand  varies  from  1  to  2  to  1  to  8.  English  Port- 
land cement  is  used  in  preference,  but  it  is  employed  only  with  the  object 
of  improving  the  lime,  so  more  lime  than  cement  is  introduced  in  the 
mixture.  One  of  the  objects  being  to  produce  a  strong  stone  whose  ex- 
ternal appearance  is  pleasant  to  the  eye,  and  imitates  natural  sandstones 
as  much  as  possible,  gray  quartzose  sand  from  l-23rd  to  1-1 6th  of  an  inch 
thickness  are  alone  employed,  yellow  argillaceous  sands  being  avoided. 
No  gravel,  pebbles  or  very  coarse  sand  are  nsed,  for  each  would  give  a 
coarse  appearance  to  the  stone,  would  necessitate  the  employment  of  iron 
moulds  and  might  injure  the  png-mill.  The  materials  are  first  mixed 
on  the  ground  by  shovelling,  and  then  thrown  in  the  pug-mill  together 
with  a  certain  amount  of  water  which  is  yariable,  but  which  gives  to  the 
atone  paste  the  appearance  of  an  incoherent  sand  mortar.  Since  to  ob- 
tain a  perfect  mixture  the  materials  have  to  pass  two  or  three  times 
through  the  png-mill,  this  part  of  the  process  cannot  be  considered  as 
perfection,  and  there  are  pug-mills  which  could  perform  a  perfect  mixture 
in  one  operation.  The  hydration  perfonned  by  foremen  aoenstomed  to 
Che  work  is  so  near  the  correct  thing,  that  water  does  not  ooze  ont  of  the 
mrbea  rauned,  and  does  not  eanse  any  cohesion  to  take  place  between 
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fti  flioiift  ind  the  fmc«8  of  the  moald.    Bach  cohesion  always  brought  on 

by  the  mecess  of  water  spoils  the  external  appearance  of  the  stone,  which 

iftikeii  too  soon  ont  of  the  monid,  is  snre  to  leave  part  of  its  sides  and 

•Bglea  aticking  to  the  faces  of  the  box.     The  prepared  stone  paste  id 

vkaeked,  eorered  with  a  wet  cloth,  and  gradually  carried  to  the  moulds  in 

which  it  18  rammed  in  thin  layers  of  about  half  an  inch  for  fine  stones, 

but  for  monolithic  masonry,  the  thickness  is  much  greater.     The  surface 

is  ratmned  nntil  it  is  bard  to  the  touch,  it  is  then  scratched  with  an  iron 

Take,  the  next  layer  pnt  in  the  box,  where  it  is  distributed  as  erenly  ail 

possible  with  the  hand,  after  which  the  ramming  is  resumed. 

The  rammers  are  made  of  strong  wood,  slioJ  with  iron,  the  ramming 
surface  being  about  9  x  4  =  36  square  inches.    Their  height  is  one  foot, 
and  their  elevation  prevents  the  appearance  of  a  trapezoid,  the  parallel 
ndes  being  respectively  9  and  4  inches,  and  the  non-parallel  sides  being 
slightly  curved.     For  slanting  surfaces,  rammers,  S  inches  high,  with 
ramming  snt faces  12x7  inches  and  oblique  handles  are  employed.     The 
moulds  are  made  so  as  to  be  easily  taken  to  pieces,  they  stand  on  a  plat- 
form, which  is  firmly  resting  on  a  layer  of  sand  at  least  6  inches  thick. 
The  sand  effectually  checks  the  vibration  caused  by  the  blows  of  the  ram- 
mer, and  when  the  fresh  stones  are  turned  on  the  yielding  sand,  they  do 
not  run  any  risk  of  being  damaged.     The  ordinary  stones  are  taken  im- 
mediately out  of  the  mould,  the  finest  are  kept  one  night  in  it,  they  are 
left  for  a  week  in  the  shade,  and  water  is  sprinkled  over  them  twice  a  day 
from  the  second  day  after  manufacture. 

It  is  easy  to  infer  from  what  precedes,  that  Goignet  has  done  everything 
that  he  could  to  produce  a  concrete  stone  strong,  and  of  fine  appear- 
ance. His  preference  for  eminently  hydraulic  limes  shared  by  many  French 
Engineers  comes,  it  is  presumed,  from  its  relative  cheapness,  and  from 
the  fact  that  it  is  yet  a  matter  of  uncertainty  whether  the  eminently 
hydraulic  limes  do  not  give  as  good  results  as  the  best  cements,  they 
are  certainly  much  more  safe  to  use  than  the  fast  setting  natural  ce- 
ments. Ilia  reason  for  preferring  good  sand  to  any  other  inert  material 
has  been  explained.  It  is  especially  by  using  a  minimum  of  water 
and  ramming  thoroughly,  that  he  succeeded  in  making  stones  pos- 
sessed of  a  minimum  of  poro»ity,  or  in  other  wordR,  a  minimum  of  spe- 
cific gravity,  a  great  advantage  when  the  dissolving  action  of  rain 
water  charged  with  oarbooic  aeid  is  taken  in  aooooni-    Coignet  might 
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haye  farther  improyed  his  system  hj  making  his  stone  with  machinerj; 
bat  with  the  help  of  European  workmen,  with  plenty  of  cheap  and  good 
slow-setting  cementing  materials  and  in  the  mild  temperature  of  Europe, 
he  succeeded  so  easily  in  making  fine  monolithic  masonry  and  reliable 
joints,  that  it  is  presumed  he  could  not  see  the  necessity  for  using  on  a 
larger  scale,  blocks  of  concrete  made  by  machines.  The  circumstances 
in  which  we  are  placed  in  India  being  very  different  from  those  in  which 
Coignet  was  placed  in  Europe,  the  advice  of  Henry  Reid  to  rely  only  on 
block  masonry  should  be  adopted  for  large  and  important  works,  monoli- 
thic masonry  being  used  only  for  minor  work,  the  surface  exposed  to  rain 
'Water  being  well  cemented  to  preyent  percolation. 

To  Recapitulate. — In  the  first  part,  the  various  degrees  of  wetness  of 
mortar  under  different  circumstances  have  been  examined  ;  the  importance 
of  the  classification  of  our  burnt  kunkurs  has  been  pointed  out,  and  prac- 
tical ways  of  finding  out  the  class  to  which  each  particular  bnnit  knnkur 
belongs  have  been  given ;  lastly  the  question  of  artificial  cement  is  con- 
sidered in  some  of  its  details,  and  a  short  description  of  the  manner  in 
which  the  experimental  manufacture  will  be  conducted  is  detailed. 

In  the  second  part  the  qualities  of  the  various  inert  materials  and  the 
way  to  utilise  the  bad  sand  of  the  Punjab  have  been  shown ;  the  dangers 
accompanying  the  use  of  fast  setting  natural  cements  are  indicated,  and 
Tarious  ways  of  retarding  their  setting  activity  have  been  given ;  the 
effects  on  the  specific  gravity  of  the  concrete  resulting  from  the  degree 
of  hydration,  and  from  the  degree  of  ramming  have  been  pointed  out, 
many  unknown  precautions  attending  good  ramming,  making  good  joints 
and  handling  blocks  have  been  detailed ;  an  endeavour  has  been  made  there- 
fore to  explain  everything  which  was  yet  obscure  and  undefined  in  the 
theory  and  practice  of  concrete  making. 

A.N. 
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Ko.  LXXIIL 
BETBOGRESSION  OF  LEVEL  IN  CANALS. 

Vide  Plate  XIL 


By  E.  A.  SiBOLD,  Esq.,  Exec.  Engineer,  Sirhind  Canal. 


CimiHO  back  is  an  evil  that  is  costly  to  remedy,  especially  if  compre- 
liensiTe  measares  are  not  taken  to  check  it  at  the  beginning.  This  paper 
only  treats  of  irrigation  canals,  where  it  is  economy  to  carry  water  at  the 
greatest  Telocity  that  tlie  soil  and  blope  of  the  country  admit  of.  The 
Ganges  and  Baree  Doab  Canals  are  examples  of  the  two  largest  irrigating 
eanals.  The  profits  of  both  have  been  seriously  diminished  by  the  yearly 
expenditure  in  protecting  the  masonry  works  against  cnttiug  back. 

The  following  theory  is  based  on  observations  of  the  state  of  the  bed 
of  the  Barve  Doab  Canal  at  different  times,  and  different  places,  and  the 
effects  of  different  systems  of  protective  works. 

Given  a  length  of  earthen  channel  between  two  masonry  points.  If  the 
Telocity  in  contact  with  the  bottom  is  greater  than  the  soil  can  standi 
catting  commences.  It  is  evident  that  in  a  straight  channel  with  the 
stream  **  in  train"  the  greatest  surface  and  bottom  velocities  are  in  mid- 
stream, and  therefore  cutting  will  commence  there  first.  Every  inch  cat 
here,  increases  the  depth  at  this  point,  and  consequently  the  bottom  velo- 
eity.  With  an  increase  of  velocity  and  area  in  mid-channel,  there  must 
be  a  corresponding  decrease  of  velocity  towards  either  bank,  the  catting 
having  commenced  and  localized  itself,  it  is  also  evident  action  on  the  line 
selected,  is  intensified  in  the  ratio  (a  +  d)^. 

In  Fig.  1,  let  AB  be  the  given  length  of  earthen  channel. 

If  the  soil  was  the  same  in  every  foot  between  A  and  B,  a  gollet  E, 
F^.  if  would  be  formed  in  mid-channel,  on  a  lower  level,  and  a  smaller 
dedivitj.    This  guUetmay  be  represented  by  the  Ime  CD, /"t^l.   Whether 
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the  gullet  ABCD  will  ran  up  to  B  as  in  Fig,  1,  or  work  into  slope  as 
originally  projected  before  reaching  B,  as  in  Fig,  2,  will  depend  upon  cir- 
cumstances that  will  be  referred  to  further  on. 

The  difference  of  declivity  on  the  line  AB  and  the  line  CD,  will  represent 
the  rapid  that  will  be  formed  eventually  oii  the  masonry  bar  A. 

In  the  above,  I  have  supposed  the  quality  of  the  soil  in  every  foot  of  the 
channel  to  be  the  same,  and  the  result  a  uniform  gullet.  It  would  be  im- 
probable that  the  tenacity  of  the  soil  could  be  the  same  in  every  portion. 
The  consequence  is  that  the  gullet  will  not  be  on  a  uniform  level,  and  the 
change  of  level  wherever  the  tenacity  varies  is  distinguished  by  a  rapid, 
vide  a,  h  and  c.  Fig,  2.  In  the  abrupt  change  from  an  upper  to  a  lower 
level  of  the  gullet  the  stream  is  contracted,  and  the  dispersion  of  the 
threads  of  the  stream  after  contraction  tends  to  scoop  out  a  basin  below. 

Fig,  2,  gives  what  may  be  called  the  second  stage  of  cutting  back ; 
breaks  in  the  level  of  the  gullet  occurring  at  a,  b  and  c.  At  the  toe 
of  the  crest  of  the  fall  or  rapid  at  each  break,  we  find  a  pear-shaped  cistern 
or  hole,  formed  by  the  fan-like  dispersion  of  the  threads  of  the  stream  on 
quitting  the  higher  level. 

No  17  take  the  breaks  a  and  6,  Fig,  5,  from  Fig,  2.  If  the  soil  at  h 
could  not  stand  the  velocity  due  to  projected  slope,  it  could  not  stand  the 
higher  velocity  on  the  rapid,  and  therefore  in  a  given  time  the  portion 
hcdh  will  be  cut  away,  and  the  deflected  threads  not  requiring  the  space 
c, «,/,  gy  this  area  will  be  silted  up.  When  the  point  b  recedes  to  the  point 
a  by  gradual  cro8ion,"and  a  again  to  the  bar  A  above  the  bed  between  A 
snd  B,  Fig,  3,  may  be  said  to  have  acquired  permanently  the  declivity  best 
adapted  to  carry  the  ordinary  discharge. 

The  successive  basins  formed  during  the  retrogression  of  5  to  a,  by 
necessarily  having  the  axis  EP,  Fig.  7,  much  larger  than  the  width  of  the 
gullet,  serve  to  widen  the  channel  on  the  lower  bed;  otherwise  channelling 
would  simply  wear  a  semi-circular  section  in  the  projected  bed.  These 
Ldes  therefore  so  far  from  doing  mischief  are  very  useful,  for  they  check 
the  tendency  to  a  semi-circular  section,  which  with  large  bodies  of  water, 
would  require  that  nearly  every  inch  of  fail  shoold  be  provided  for  by 
masonry  overfalls*  . 

Oa  the  Baree  Doab  Canal  the  first  appearanoe  of  retrogression  was  dis- 
tinguiahed  by  a  slight  deepening  of  dhannal  usually  in  mid-stream,  and 
mm  after  bj  amall  raptda  at  TarioQspointai  and  bj  the  aoonring  out  of 
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Uxgelio\«8.  Fascines,  kiln  refase,  lines  of  stakes,  wattling,  aod  large  trees 
Here  tried  year  after  year,  but  nothing  appeared  to  check  the  retrogression 
of  leTd.  Wherever  the  minor  rapids  hare  worked  back  and  formed  one 
large  rapid  at  the  ap-stream  masonry  bar,  these  holes  hare  silted  ap,  and 
there  is  now  a  uniform  bed  on  a  lower  leTel  as  C,  D,  Fig.  1.  The  scouring 
oat  of  holes  is  only  an  accident  due  to  the  formation  of  rapids,  and  it  is 
only  a  waste  of  money  to  try  and  check  them. 

My  observations  show  that  the  holes  do  less  good  where  there  is  a  stra- 
tum of  knnkur  or  a  tenacious  soil.  It  is  almost  a  paradox,  but  channel- 
ling appears  to  be  most  formidable  in  good  soil.  The  soil  of  reach  shown 
in  Fig,  3,  is  better  than  that  of  Fig.  1,  yet  the  retrogression  in  the  former 
is  6'9  feet,  and  in  the  latter  3*2  feet.  In  light  soils  the  sides  fall  in,  and 
prevent  the  tendency  to  a  Tery  deep  stream.  There  is  an  example  of  this 
in  the  reach  above  Dharewal  fall,  the  soil  here  is  much  worse  than  that  of 
FigB.  1  and  2. 

The  following  will  probably  give  the  key  to  the  above  paradox.     The 
dimensions  of  section  JFV^.  4  are-^ 
Width  of  bed,  84  feet. 
Side  slopes,  1*5  to  1. 
Depth  of  water,  50  feet. 
Declivity,  1  in  2,500. 
A  semi-circnlar  channel  of  the  same  area  will  give  the  same  discharge 
on  a  declivity  of  1  in  9,338.     That  there  is  a  difference  is  of  course  well 
known,  bat  its  importance  has  been,  I  think,  overlooked. 

In  both  cross  sections  we  have  the  same  area,  and  the  same  discharge, 
80  it  is  evident  that  the  mean  velocity  mast  be  the  same.  At  the  same 
time  the  range  between  maximum  and  minimum  velocities  in  the  right 
lined  section  is  more,  and  in  the  semi-circular  section  less,  therefore  the 
mean  velocity  in  the  latter  section  would  be  a  safer  guide  to  ebtimate 
effect  on  bed  than  in  the  former. 

With  reference  to  Fig,  1,  it  was  left  nndetermined  whether  D  would 
vanish  or  not  at  B.  It  will  vanish  at  B  if  the  declivity  below  B  is  not  so 
sharp  as  to  caase  a  draw,  or  if  there  is  a  properly  constructed  overfall  at 
B.  If  in  channel  BO,  Fig,  6,  a  weir  is  built,  it  is  a  mistake  to  suppose 
that  the  water  in  prism  ABO  is  dead.  Any  change  from  a  higher  to  a 
smaller  velocity  canses  dispersion,  and  a  contraction  of  the  stream  takes 
place  on  the  velocity  being  increased.     The  weir  AB  causes  dispersion 
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at  D  tnd  oontrtetion  at  A,  so  that  D,  E,  A,  F  representfl  rannixig 
water. 

If  the  theory  of  retrogression  of  level  is  correct,  the  adoption  of  inter- 
mediate overfallB  to  arrest  it  wonld  require  such  overfalls  to  be  hi^h 
enough  to  practically  convert  the  several  reaches  of  a  canal  into  still 
water  reservoirs.  Sach  an  expedient  would  obriously  be  very  costly,  and 
especially  so  in  lockages,  if  navigation  had  to  be  prorided  for. 

E.  A.  8. 

BOOPUB,  > 

March  4tth,  1878*3 
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No.  LXXIV- 


QUANTITY  OP  WATER  FOR  VARIOUS  CROPS. 


Report  an  Brperimentsjor  ascertaining  tke  quantity  of  Water  required 
for  Irrigating  various  Crops  in  Rcypootana.  By.  W.  "W.  Culchkth, 
Esq.,  C.E.,  Exec.  Engineer,  Beawar. 


Report  •fi  ihs  observations  made  on  Irrigation  from  Wills  <U  Beaumr  during 
the  oold  season  of  1871-72. 

April,  1872. 
Thb  observations  were  commenced  in  October  last,  when  irrigation  for 
the  mbbee  first  began.  Two  wells  were  selected  at  a  conyenient  distance 
from  the  city  for  obserration.  One  was  worked  by  a  chnrrus  or  m6ty 
and  the  other  by  a  Persian  wbeeL  The  accompanying  statements  (three 
in  number)  contain  the  results  of  obseryations. 

A  careful  man  was  employed  all  through  the  season  to  count  the  number 
of  mots  in  one  case,  and  the  number  of  hours  of  working  in  the  other,  and 
tQ  note  the  area  each  day  irrigated.  The  latter  was  checked  at  the  end 
of  the  season,  by  measuring  the  whole  area,  and  multiplying  it  by  the 
number  of  waterings. 

The  discharges  were  measured  by  means  of  an  iron  cylinder,  near  the 
bottom  of  which  are  three  holes  of  di£ferent  sizes.  The  middle  one, 
which  was  nsed  in  these  obseryations,  is  1*64  inches  in  diameter,  and  the 
average  head  of  water  above  centre  of  orifice  was  10  inches  for  the  chur- 
rus,  and  12  inches  for  the  Persian  wheel.  By  D'Aubuisson's  formula, 
D  =  3*9066^3  ^  J  the  discharges  are  -067  cubic  feet  per  second  for  the 
mot^  and  '073  cubio  feet  with  the  Persian  wheel.  As  there  were  66 
m&te  4rawn  in  an  hour  when  the  above  disohaige  was  measuredi  tht 
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contents  of  each  churrns  (as  far  as  available  for  irrigation)  are  SG  cubic 
feet.  The  actual  contents  of  the  mot  and  the  buckets  of  the  Persian 
wheel  were  not  measured,  as  only  the  water  deliyered  into  the  water- 
coarse  leading  to  the  fields  was  ayailable  for  irrigation. 

The  actual  areas  irrigated  were  19^  beeghas  by  the  Persian  wheel, 
and  9^  beegahs  by  the  churrns  or  mot.  A  rubbee  crop  was  grown  on 
the  former,  and  the  same  on  8|  beeghas  of  the  latter,  while  |  were 
occnpied  by  vegetables ;  the  two  beegahs  whic  h  are  shown  as  khureef 
were  afterwards  nsed  for  rubbee.  All  the  fields  with  rnbbee  were 
watered  six  times,  and  many  of  them  seven  times,  the  vegetables  were 
watered  several  times  and  cut,  after  which  others  were  put  down  and 
watered  nine  or  ten  times  up  to  the  end  of  March,  since  which  the  obser- 
vations have  been  discontinued,  as  the  rnbbee  crops  were  then  being  cut. 

Tabular  Statement,  No.  1,  shows  a  great  similarity  in  the  average 
quantity  of  water  required  per  beegah  for  different  crops.  The  quantity 
each  month,  however,  varies,  less  being  required  in  the  latter  part  of  the 
season,  probably  owing  to  the  greater  frequency  of  the  waterings.  No.  2 
shows  a  similar  result  in  cubic  feet,  and  gives  the  depth  of  each  watering 
in  inches ;  this  is  very  similar  in  the  two  modes  of  irrigation.  No.  3 
shows  the  total  quantity  of  water  used  daring  the  season  and  the  depth. 

The  main  object  of  these  observations  was  to  ascertain  the  quantity  of 
water  required  for  irrigation.  From  No.  3  it  appears  that  29,579  cubic 
feet  were  used  per  acre  by  the  Persian  wheel,  and  36,357  cubic  feet  by  the 
mdt,  or  an  average  of  nearly  33,000  cubic  feet,  which  represents  a  depth 
of  nine  inches  for  the  rubbee  crops:  76,103  cubic  feet  were  nsed  for 
vegetables  during  the  same  time.  Each  watering  was  on  the  average  1^ 
inches  by  both  methods  of  irrigation,  and  for  both  crops,  but  more  was 
required  at  the  commencement  of  the  season,  and  less  later.  This  was, 
donbtless,  to  a  great  extent,  owing  to  the  fact  of  the  ground  becoming 
hard  from  repeated  waterings. 

It  is  not  the  custom  to  make  the  beds  {kyarees)  so  small  for  tank  and 
canal  irrigation,  as  for  well  irrigation.  The  latter  mode  necessitates  con- 
stant labor  to  raise  the  water  as  required,  whereas  the  former  generally 
supplies  the  water  so  as  to  flow  over  the  ground  in  a  continuous  stream, 
without  the  necessity  for  any  supervision  beyond  what  is  required  to 
divert  it  into  the  various  fields.  Water  from  wells  is  obtained  with 
diffieultj,  and  in  small  quantities,  and  is,  therefore^  Qsed^  with  carti 
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whereas  that  from  tanks  and  canals,  flow  generally  in  a  larger  stream, 
and  requires  very  little  labor  ;  it  is,  therefore,  nsed  more  freely  and  often 
wasted  even.  This  must  be  considered  when  comparing  well  with  tank 
irrigation,  the  Bame  daty  must  not  be  expected  from  a  given  quantity  of 
water  stored  in  a  tank,  as  from  the  same  quantity  raised  out  of  wells. 

Under  these  circumstances  I  do  not  think  these  observations  will  war- 
rant less  than  one  foot  in  depth,  being  taken  as  necessary  for  rubbee  irri- 
gation, when  considering  a  tank  project.  Vegetables  are  seldom  grown 
in  considerable  quantities,  or  away  from  a  large  town,  and  need  not  be 
taken  special  note  of. 

It  may  also  be  worth  noting  that,  roughly  speaking,  one-fourth  of  the 
whole  quantity  of  water  is  used  during  October,  November  and  Decemberi 
and  one-fourth  during  each  of  the  remaining  months. 

In  conclusion,  I  would  recommend  a  continuation  of  the  observations 
during  the  next  khureef  and  the  following  rubbee.  The  experience  of 
the  past  season  will  be  a  valuable  guide  for  the  future.  It  would  be 
interesting  to  ascertain  whether  the  fewer  waterings  which  are  sometimes 
giren,  take  less  water  altogether.  It  seems  probable  that  each  watering 
would  be  heavier,  as  these  observations  show  to  have  been  the  case  at 
the  commencement  of  the  season.  One  well  might  bo  selected  with  a 
view  of  deciding  this,  a  not  unimportant  point. 
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No.  3. 

Table  showing  the  total  quantity  and  the  depth  of  water,  need  during 
the  whole  season,  viz.,  from  October  1871  to  March  1872,  inclusive. 


Arba  ir- 

BIG  AT  ED 

Mode  of  irrigation. 

Crop. 

1 

•3 

}i 

a 

Remarks. 

Bj  PerBian  wheul, 

Rnb- 
bee 

191 

no 

», 

227,758 

29,579 

8-15 

Average  quantity 
j>er  acre,  32,968  c. 

Bj  in6t  or  chnrnu. 

n 

fi| 

3'U 

34,§42 

125,431 

3G,35T 

10  J2 

Averape  depth  per 
acre,  908  inches. 

It           11 

Uble 

1 

^35 

7,399 

26,836 

76,103 

20&7 

Dprinp:  six  months, 
October  to  March, 
iuuiufiive. 

Note  by  Major  J.  M.  Williams,  Exec.  Engineer^  Ajmere  Itrgn,  Division, 

These  experiments  were  conducted  with  great  care,  and  under  the 
immediate  supervision  of  Mr.  Gulcheth,  and  during  the  period  of  Iiis 
absence  on  leave  by  Overseer  Sergeant  Houghton,  a  most  careful  subor> 
dinate  who  held  temporary  charge  of  the  sub-division. 

The  crops  irrigated  consisted  as  follows  :— 


Wheat, 
Grojee, 


Vegetables,     •• 


Total  mbbee  crop 


5  beegahs. 
221    n 

m  » 


It  will  be  seen  from  Mr.  Culcheth's  report  that  the  average  quantity 
of  water  per  acre  required  for  the  rubbee  crop  was  32,968  cubic  feet, 
and  the  average  depth  9*08  inches,  delivered  in  about  seven  waterings  of 
1^  inch  each. 

Vegetables  required  more  thsn  double  this  quantity  of  water,  but  for 
•11  general  purposes  of  irrigation  these  may  be  left  out  of  the  account. 

Mr.  Gulcheth  explains  that  the  beds  (kyarees)  in  fields  under  well 
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irrig&tion  are  made  rery  mneh  soialUr  than  for  tank  or  oanal  irrigation^ 
and  for  that  reason  the  obseryations  which  have  now  been  made  will  not 
warrant  less  than  one  foot  in  depth  of  water  being  taken  aa  neceaaarj 
for  mbbee  irrigation  when  considering  a  tank  project. 

In  thia  I  entirely  concnr,  since  the  Baying  in  water  is  two-fold  in  irri- 
gation from  wells,  as  compared  with  that  from  tanks: — 

(1).  In  well  irrigation  the  water  lies  on  the  beds  of  the  fields,  where 
they  are  of  so  small  dimensions,  forming  almost  a  series  of  level  terraces, 
so  Uiat  nearly,  if  not  all,  the  depth  of  water  given  to  each  bed  is  absorbed 
in  ''site"  instead  of  rapidly  running  off  as  in  the  case  of  tank  irrigation, 
where  the  divisions  of  the  fields  are  generally  a  considerable  distance 
apart  down  the  slope  of  the  land. 

(2).  As  raising  water  from  wells  involves  considerable  labor,  the 
semindars  will  only  nse  as  mach  water  as  may  be  absolutely  necessary 
to  mature  the  crops,  instead  of  letting  it  run  to  waste  as  constantly  ii 
the  case  in  tank  irrigation. 

I  consider,  however,  that,  in  other  respects,  the  results  arrived  at  from 
these  observations  may  be  relied  upon,  and  that  they  really  indicate  the 
quantity  of  water  which,  under  favorable  circumstances,  is  sufficient  for  a 
rubbee  crop. 

The  experiments  must,  however,  be  extended  to  tank  irrigation.  It 
was  too  late  last  year  when  the  experiments  were  commenced  to  do  this, 
as  time  was  requisite  to  make  the  necessary  preparations  to  conduct  the 
experiments  satisfactorily. 

Some  of  the  tanks  in  the  Bulad  Catchment  have  been  contoured,  and 
steps  will  be  at  once  taken  to  conduct  experiments  on  these  tanks  through 
the  approaching  khureef  and  the  ensuing  rubbee  cultivation. 


NoU  hy  the  Superintending  Engineer^  Rajpootana. 

The  results  are  precisely  those  which  all  my  enquiries  on  the  subject 
from  cnltiratort  and  zemindars  have  constantly  elicited,  viz.,  1  foot  for 
the  rubbee,  and  what  is  not  yet  experimented  on  here,  6  inches  for  tke 
khureef.  This  is  also  the  result  of  Colonel  Brooke's  long  enqniriea  aad 
experience  on  this  subject. 

There  are  numerous  sources  of  error  in  letting  the  water  fall  into  aa 
iron  receptacle  with  three  holes,  into  which  thechurras  rapidly  pours  itself, 
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and  then  entirely  ceases,  filling  the  cylinder  to  brim,  and  then  letting  it 
sink  to  zero. 

The  Exccntive  Engineer  shoald  adopt  a  more  correct  gauge,  as  a  ma- 
sonry channel  at  part  of  the  rnn,  haying  a  well  which  will  contain  15  to 

80  churruses  and  so  measure  these,  and 
thus  get  at  the  lift  per  hour. 

This  could  be  again,  and  continually 
at  any  time  of  the  day,  checked  by  gaug- 
ing at  A  with  a  thin-edged  waste  board, 
whilst  the  flow  would  be  somewhat  equa- 
lized  by  the  water  haying  to  run  along 
a  channel  and  pass  oyer  the  field  reseryoir 
after  leaving  the  churrus. 

The  Executiye  Engineer  will  be  directed  to  at  once  arrange  for  a  more 
perfect  experiment  both  for  a  tank  and  wells,  beginning  with  the  khureef 
in  end  of  June,  and  ending  with  the  rubbee  in  March. 

The  results  here  obtained  are : — In  the  case  of  well  water — 
1. — The  nibbee  crops  required  6  to  7  waterings. 
2. — The  acre  of  rubbee  took  a  total  depth  of  9  inches. 
8. — Therefore  each  watering=1}  inches  in  depth. 
4. — The  storage  required  per  acre  =  33,000  cubic  feet. 
5. — Of  which  about  a  fourtli  only  of  whole  supply  was  given  during 
the  first  three  months,  and  about  a  fourth  during  each  of  the 
latit  three  months. 
The  figures  per  month,  per  acre,  are  in  round  numbers-^ 

Cabio  fe^. 


October, 

November, 

December, 


Total, 


17,000 
2,000 
4,100 

7,800 


January, 

February, 

March, 


CaUo  f^ti. 
10,100 
8,200 
6,900 


Total, 


25,200 


Y '  

Total,  88,000 

The  Chief  Commissioner  says,  that  the  reasons  the  waterings  go  fur- 
ther month  by  month  is  that  the  ground  is  kept  moist  and  sheltered  from 
the  sun  by  the  crops. 

There  is  no  doubt  that  for  tank  irrigation  we  must  allow  an  increase 
on  these  figures,  though,  I  think,  12  inches,  or  one-third  more,  is  high 
if  this  experiment  giyes  anything  like  correct  data. 
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Bt  Capt.  Ai-lan  Cunningham,  R.E.,  Hon.  Fellow  ofKing^s  Col.  Lend. 


It  IB  Bometimes  required  to  ascertain  the  actual  intensity  of  Longitu- 
dinal Stress  produced  in  a  Heavy  Vertical  Pillar  by  the  action  of  applied 
Transverse  Forces. 

[The  ordinary  Text-books  do  not  nsnally  contain  a  solntion  of  this  qnestion,  except 
for  material  vvhose  extension  and  contraction  under  equal  Tensile  and  Crashing 
lioad  respectively  are  eqaal]. 

The  general  solution  of  this  problem  depends  in  general  on  the  relative 
powers  of  resistance  to  stretching  and  crushing,  and  does  not  admit  of 
reduction  to  a  simple  algebraic  form. 

There  is  one  case,  however,  and  that  the  most  useful,  in  which  it  admits 
of  easy  solution,  viz.,  *'  when  the  actual  stress  over  any  cross-section  is 
vll  oj  one  kind^' — (this  would  usually  be  Pressure) — by  aid  of  the  follow- 
ing Proposition,  which  will  now  be  proved. 

Proposition. — In  a  Heavy  Vertical  Cylindric  Pillar  under  Transverse 
Strain  (due  to  applied  Horizontal  Forces),  the  Greatest  and  Least  inten- 
sities of  the  Longitudinal  Stress  produced  at  any  cross-section  are  inde- 
pendent of  the  Tenacity  of  the  material,  so  long  as  the  actual  stress  is 
all  of  one  kind  f pressure),  and  are  therefore  the  same  for  all  material 
which  is  capable  of  bearing  a  '*  uniformly- varying  "  strain — provided  also 
that  the  elastic  limit  for  crushing  strain  be  not  exceeded. 

[This  proposition,  viz.,  that,  if  there  be  no  Tension,  the  Greatest  and  Least' 
intensities  of  Pressure  are  independent  of  the  Tenacity,  and  also  the  same  for  all 
material,  seems  almost  self-evident  On  account  of  its  interest  and  importance  how- 
ever a  fonnal  demonstration  is  advisable.] 
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Take  tnj  (horizontal)  cross-section  as  AB. 

Let  W  =r  Total  Load  or  Weight  above  AB — (which  is  uniformij  dis- 
Vertical  Section  throvgh  Centre  of      tribated  over  AB,  because  the  Pillar 

is  "  cylindric  "). 

A  =  Area  of  Cross- Section  AB. 
p^  =  Mean  intensity   of  Longi- 
tudinal   Stress    oyer    that 


Gravity  of  Pillar, 


AppUeA 


area. 


W 


Hien  p^  =  — ,  always — i.  «.,  in- 
dependently of  distribution  and  a- 
mount  of  any  Transyerse  (horizontal) 
forces,-— and  is  Pbbssurb. 

The  effect  of  applied  Transverse 
Force  is  to  alter  the  distribution  of 
Vertical  Stress— (but  not  to  alter  the  magnitude  of  the  Resultant  of 
Vertical  Stress  which  remains  the  constant  Pressure  W)  : — 

If  the  applied  Transverse  Force  be  small,  its  effect  is  to  diminish  the 
prffsure  on  the  near  side  (B),  and  increase  it  on  the  far  side  (A) :  thia 
variation  of  pressure  increases  with  an  increase  in  the  Transverse  Force, 
and  may  eventually  produce  Tension  on  the  near  side : 

It  18  proposed  to  limit  this  Paper  to  the  consideration  of  the  case  when 
only  pressure  is  produced— on  account  of  the  simplicity  of  the  result. 

It  is  assumed  by  almost  universal  consent  of  Engineers  that  the  actual 
Strain  (contraction  of  the  material)  is  a  ''  uniformly-varying  *'  Strain,  t.e.^ 
that  the  contraction  at  any  point  of  the  cross-section  AB  is  simply  propor- 
tional to  the  distance  of  that  point  from  a  certain  6xed  line,  usually  called 
the  '<  neutral  axis'*  in  the  plane  AB ;  also  that  within  the  elastic  limit  the 
Stress  is  simply  proportional  to  the  Strain.  Hence  if  O  be  the  position  is 
the  Diagram  of  the  '^  neutral  axis"  in  the  oross-section  AB,  the  Trapezoid 
AabB  is  a  vertical  section  of  the  ''  Strain-prism  ",  and  is  also  a  graphic 
representation  of  the  Stress. 
LatHs  Resultant  of  applied  Horizontal  Forees. 

B = Total  Resistance  (t.e.,  Longitudinal  Stress)  oyer  tlie  citM»^eotioii  AB. 

Let  H,  =  Ifoment  of  Horizontal  Forces  (H),-n  about    the    <^  neutral 
H:p  ss  Moment  of  Loads  (W),  >axis*'  ip  cross^iectioii 

Mji  =  Moment  pf  Resistsoces,  J  AB. 
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G  b«  the  centre  of  grmritj  of  section  AB. 
g  be  the  Centre  of  Stress. 
O  be  the  position  (in  yertical  section  through  G)  of  the  ''  nentral 

axis  "  or  ''  line  of  no  Stress." 
Z    =  OG,  a  =  GA,  /J  =  GB,  x^  z=  O^. 
xjj  ^  Stress-iniensitj  at  unit  distance  from  nentral  axis. 
p'  =z  Greatest  Stress-intensity  (at  A). 
p*^  c=:  Least  Stress-intensity  (at  B). 
I   =:  Moment  of  inertia  of  area  A  aboat  the  nentral  axis. 
Iq  as  Moment  of  inertia  of  area  A  about  an  axis  through  its 

centre  of  gravity  (O)  parallel  to  the  neutral  axis. 

[The  sereral  units  of  length,  weight,  &c.,  should  be  the  same  throughout] 
Then  by  principles  of  equilibrium — 

R  =^  W  (1). 

R.rro  =  Mh  +  W.^ (2). 

Also  by  ordinary  rules  for  nniformly-yarying  pressure  (as  for  fluid 
pressure). 

R  =  tsr  «•  A (8). 

R.a?^  =  -BrI  =  tr(Io  +  A.P)  (4). 

.•.  tsrr.  A  =  W (5). 

TsrL  +  «rA.i"*  =  MH+W  g (6). 

=  Mh  +  w  A.?,  from  (5). 

/.trio  =  M„  whence  «^  =  ^ (7). 

Bat  sinee  the  stresi  is  "  uniformly-Tarying/' 

p'=isr.(J  +  a)  =  5  +  ^.a (8). 

l^  =  i.r.(s-/J)  =  ^^^.^    (9). 

Now  these  results  (8)  and  (9)  are  independent  of  the  <<  quality  "of 
material  at  the  section,  so  the  Proposition  is  proved. 
These  results  must  therefore  (being  independent  of  the  material)  be  the 

wame  as  would  be  found  by  simply  adding  the  uniform  pressure  |>o  s  — 

to  the  Stress-intensities  at  opposite  sides  of  a  (weightless)  Gantileyer  of 
^  isotropic".material,  i.  e.,  material  whose  Moduli  of  Tensile  and  Crashing 
Elasticitj  aie  equal. 
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•  By  the  nsual  rules*  for  Cantilerers  of  "  isotropic"  material, 
Crushing  Stress-intensity  at  A  =   jj.  o 

Tensile  Stress-intensity   at  B    =  -r-?.  fi 

W 
Adding  the  uniform  pressure  /)o  =  -rr-  to  each  of  these,  there  results 

as  before, 

^    =A+I^-«  (^>- 

^•  =  x-r-^ ^^)- 

The  practical  use  of  this  proposition  is  that  it  enables  the  compara- 
tively familiar  Rules  applicable  to  "  isotropic"  material  to  be  applied  to  ani/ 
material  within  the  limit — ^*  Stress  all  of  one  sign  ". 

[The  applicability  of  the  Proposition  in  any  case  will  of  course  be  indicated  by  the 
results  p,  p",  which  must  be  of  the  tame  sign'}. 

The  Proposition  is  peculiarly  applicable  to  Masonry  Structures  simply 
set  in  Mortar,  whose  resistance  to  tearing  apart  (in  a  vertical  direction)  is 
generally  so  very  small  that  English  practice^  is  to  place  no  dependence  on 
the  Tenacity  of  the  mortar :  in  such  structures,  therefore,  all  Stress  should 
(for  safety)  be  Pressure,  in  which  case  the  Proposition  is  certainly 
applicable. 

It  may  be  easily  seen  that  Results  (8)  and  (9)  are  always  applicable  to 
Pillars  of  "  isotropic  "  material,  (i.  e,y  whether  the  Stress  be  entirely  of 
one  kind,  or  partly  Tension,  partly  Compression),  becanse  the  very  same 
original  equations  (1),  (2),  (3),  (4),  are  still  applicable;  but  these  results 
are  not  applicable  generally  to  other  material,  because  Eq.  (3)  and  (4)  are 
applicable  only  in  the  cases  stated,  viz. ;  ( I ),  to  all  material  capable  of 
bearing  uniformly-varying  Strain,  when  the  Strain  is  all  of  one  sign; 
(2),  to  "  isotropic  "  material,  whether  the  Strain  be  of  one  kind  or  of  both 
kinds. 

fit  is  supposed  of  course  that  the  Length  of  the  Pillar  is  not  so  great  compared 
with  its  diameter  as  to  make  it  liable  to  fail  by  lending  under  the  Vertical  Load  alone, 
as  the  Rules  for  Strength  of  such  very  long  Pillars  are  complex}  even  under  Verti- 
cal Load  only]. 

•  BaaUne*!  CItU  Engineering,  Art.  199. 

t  Banldne*!  CirU  Bngineering,  Art.  S6S. 

t  BoorkM  TreatiM  o(  CItU  Bngineering,  Vol  I.,  Srd  Sditton,  Ohap.  ZZIU. 
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MASONRY  CONDUITS   VERSUS  IRON  PIPES. 


Bt  Majob  Hbctob  Tulloch^  R.E. 


(From  "  TAe  Water-supply  of  Bombay. "J 


As  in  eyery  project  for  the  water-supply  of  Bombay  hitherto  submitted, 
it  has  been  proposed  to  coastrnct  the  dams  of  the  reser7oirs  of  earth,  and 
indeed  been  almost  silently  assumed  that  no  other  material  for  works 
of  this  class  could  be  adopted,  so  likewise  in  every  project  has  it  been 
proposed  to  bring  the  water  from  the  reservoir  to  Bombay  in  iron  or  steel* 
pipes,  nor   have   any  other   means  of  effecting  this  object  been  sug- 

*  I  taaTe  tAkm  wam%  tronble  to  ascertain  what  wonld  be  the  relative  cost  of  steel  mains  as  com- 
pwed  with  cast-iron  ones.  At  any  particalar  time  the  cost  will,  of  coarse,  vary  according  to  the 
■tats  ot  the  market  at  that  time.  Bat.  generally,  it  may  be  assumed  that  a  steel  main,  aboat  one- 
qiiartar  the  thickxiess  of  an  iron  one,  will  cost  as  mach  as  the  latter.  Steel  plates  conld  be  convey- 
ed op  ooantry  Tery  mtuih  more  easily  than  iron  pipes,  and  there  woold  be  some  saving  in  the  item 
of  transit,  by  employing  the  former ;  bat  I  cannot  recommend  their  nse.  It  mast  be  remembered 
that  steel  corrodes  under  the  action  of  water  mach  more  rapidly  than  oast-iron,  and  that  for  the 
same  money,  thero  would  be  foor  times  as  mach  metal  in  pipes  made  of  cast-iron,  as  there  would  be 
in  those  of  steel.  Under  these  ciroamntances,  of  coarse,  cast-iron  would  last  mach  longer.  Pint 
eost,  moreover,  in  cases  of  this  kind,  should  not  be  comddered  as  the  only  point.  The  expense  of 
icnewal  and  maintenance  are  important  items,  and,  when  these  aro  calculated,  the  superiority  of 
east-irofi  declares  itself  foroibly.  I  should  add  that  my  statement  rogarding  the  moro  rapid  conro- 
d(«  of  start  is  not  based  on  my  general  acquaintonoe  with  the  use  of  this  metal,  but  that  it  is  the 
positive  opinion  of  one  of  the  largest  steel  manufacturing  firms  in  England,  who  wero  consulted 
on  the  subject.  Although  it  wonld  have  been  manifestly  to  the  advantage  of  this  firm  to  have 
xeeommended  the  nee  of  steel,  they  could  not  conscientiously  do  so.  One  fact  of  this  kind  Is  mors 
eonvinoing,  than  a  volume  of  H^nenl  arguments.  If  the  use  of  steel  were  ever  to  be  contemplated, 
it  would  be  well  to  specify  in  the  contract  that  all  plates  worn  out  or  found  defective  within  a  oer- 
lain  period,  say  five  or  six  years,  must  be  made  good  at  the  contractor's  expense.  The  instttlon  oi 
a  danae  to  this  effect,  wonld  produce  tenders  which  would,  at  once  show  what  confidence  was 
placed  in  the  power  of  steel  to  resist  the  action  of  corrosion. 

I  shoold  not  omit  to  mention  that  aA  far  as  can  be  ascertained,  no  steel  mains  have  yet  been  laid 
down  in  Bngland.  If  there  were,  an  advantage  in  the  use  of  steel  over  oast-iron,  we  might  tozely 
espeel  to  find  it  nssd  niMre  it  is  prodnoed. 


168  MASONRY   CONDUITS   ver8U$   IRON   PIPES, 

gested.  Having  already  shown*  the  inadvisability  of  constructing  dams 
of  earth  in  the  Concan,  where  no  good  clay  is  to  be  obtained,  I  will  now 
show  the  inadvisability  of  bringing  the  water  in  metal  pipes,  or  rather,  as 
these  mast  of  necessity  be  employed  to  some  extent,  I  will  show  the 
Advantage  of  restricting  their  use  as  much  as  possible. 

In  the  first  place  the  size  of  iron  mains,  and  consequently  the  quantity 
of  water  deliverable  by  a  single  Hue  of  pipes,  is  limited.  I  believe  the 
largest  main  yet  put  down  has  not  exceeded  four,  or  at  the  utmost  four 
and  a  half  feet  in  diameter.  The  reason  why  we  are  confined  to  about 
this  size  is  that,  if  we  make  them  larger,  the  pipes  become  too  heavy  and 
unwieldy  to  be  carried  across  country.  But  it  is  an  advantage  to  have 
them  as  long  as  possible,  because,  the  longer  each  pipe  is,  the  fewer  are 
the  joints  in  the  entire  line,  and  the  less  is  the  cost  of  laying  down.  All 
the  smaller  sized  pipes,  therefore,  are  cast  in  twelve- feet  lengths,  and 
they  are  not  found  inconvenient  either  to  carry  or  to  fix.  But  when  the 
size  increases  to  three  and  four  feet  in  diameter,  and  especially  if  the 
pipes  are  to  be  taken  to  a  rough  country,  and  laid  along  a  line  where 
there  are  no  roads,  it  becomes  necessary  to  cast  them  shorter,  or  in 
about  nine-feet  lengths.  This  reduces  the  individual  weight  of  each,  and 
makes  it  more  manageable,  but  the  effect  is  that  in  the  entire  line,  four 
joints  become  necessary,  where  three  only  sufficed  before.  Every  extra 
joint,  moreover,  is  equivalent  in  weight  and  cost  to  one-foot  length  of 
the  pipe.  Although,  therefore,  each  pipe  is  lighter  and  costs  less,  the 
whole  line  is  heavier  and  costs  more.  Thus  an  advantage  secured  in  one 
direction  is  partially  counterbalanced  by  a  disadvantage  appearing  in 
another.  Besides,  the  joints  being  those  points  in  the  line  where  leaks 
are  most  likely  to  occur,  and  which  have  to  be  made  with  special  care, 
•very  extra  joint  simply  adds  to  the  chances  of  the  waste  of  water,  aa 
well  as  to  the  expense.  These  considerations,  therefore,  prove  to  me  that 
we  oannot,  in  order  to  make  our  large  pipes  lighter,  shorten  them  to  any 
great  extent. 

This  being  the  case,  the  importance  of  the  point  with  which  I  started, 
will  now  be  appreciated.  If  we  are  limited  in  the  size  of  our  mains,  we 
are  practically  limited  in  our  supply  of  water.  Some  may  reply  that 
there  is  no  engineering  reason  why  two  or  a  dozen  mains  should  not  be 
kdd  down ;  that,  although  it  may  be  the  ease  that  we  cannot  have  one 

*  rM«  ProfMdoiua  Pftpen,  Beoond  aviii.  No.  LXTin. 
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main  larger  than,  a  certain  size,  there  is  no  reason  why  we  should  not 
htTe  seTeral  of  that  size.  This  is  trne,  but  it  must  be  remembered  that 
the  engineering  objections  to  this  are  not  the  greatest  ones.  The  cost 
of  two  or  more  mains  would  be  so  great,  that  no  project  could  be  floated 
with  SQch  a  heavy  weight.  Thus,  then,  the  limit  to  any  project  for  the 
nipply  of  Bombay  with  water,  is  the  discharging  capacity  of  a  pipe  about 
three  and  a  half,  or  four  feet  in  diameter,  these  being  about  the  largest 
sized  pipett  ever  made.     Further  on  I  will  show  what  this  amounts  to. 

Another  and  a  very  serious  objection  to  the  use  of  metal  is,  that  it 
wears  away  so  rapidly.*  No  really  effectual  means  haye  yet  been  dis- 
eoYered  to  prevent  the  destruction  of  iron  by  corrosion,  &c.  How  long 
a  line  of  pipes  may  last  in  India  no  one  could  say,  but,  nevertheless,  it  is 
perfectly  clear  that  every  line  laid  down,  must,  like  a  line  of  railway, 
sooner  or  later  be  renewed.  The  repeated  cost  of  these  renewals,  must, 
after  some  time,  become  enormous.  It  is  the  opinion  of  many  that  even 
the  Yehar  main  which  has  not  yet  been  laid  down  fifteen  years,  will 
before  long  require  renewal.  This  is  supported  in  a  great  measure  by 
the  state  of  those  pipes  which  have  occasionally,  in  consequence  of  leaks, 
been  taken  up.  The  amount  of  corrosion,  both  inside  and  outside,  is 
quite  beyond  what  most  people  would  suppose. 

I  have  already  pointed  out  that  Mr.  Aitken  anticipated  the  wearing 
away  of  the  steel  main  proposed  by  him  to  be  laid  down  from  the  Sbewla 
reservoir  to  Bombay,  and  in  answer  to  this  objection,  he  replied  that  when 
the  time  came  to  renew  the  main,  Bombay  would  be  able  to  afford  the 
cost  of  one  of  double  the  capacity.  But  any  one  can  see  that  this  is  not 
the  point.  The  point  is  whether,  if  the  town  can  save  the  cost  of  re* 
newal,  it  would  not  be  foolish  to  incur  it. 

Another  objection  to  iron  pipes  is,  that,  not  being  manufactured  of 
snfiSciently  good  quality  in  India,  and  being  obtainable  cheaper  from  Eng- 
land, it  becomes  necessary  to  keep  a  large  stock  in  hand  for  contingen- 
cies. Their  cost  being,  under  even  the  most  favorable  circumstances,  as 
I  shall  presently  show,  very  great,  a  large  capital  must  remain  idle. 

Then,  again,  to  repair  pipes,  skilled  European  labor  is  required,  and 
to  keep  up  a  staff  of  Europeans  for  the  purpose,  adds  greatly  to  the  cost 
of  maintenance. 

^  **  I  liave  Men  ca«t-ivim  pipes  laid  down  in  Bombay,  which  hare  been  corroded  awaj  (ftrom  the 
onftilde)  in  mhoat  Are  or  tlz  yean."  Vidt  pi«e  14,  Mr.  Aitken'i  Xeport  en  th«  Bxi$iuion  qftht  Binnbtv 
WtUr  Workt. 

VOL.    II. — 8BC0ND   SKRIBB.  Z 


160  MASONRY   CONDUITS   verSUS   IRON   PIPB8. 

Bat  aboYe  all  these  objections  is  the  insuperable  one  of  their  first  cost. 
Let  me  assume  that  a  pipe  of  3^  feet  diameter  is  to  be  laid  down  for 
Bombay.  Such  a  pipe,  in  my  opinion,  should  not  be  less  than,  say,  1^ 
inch  thick.  Its  weight  would  be  about  15  cwt.  2  qrs.  per  yard,  or  1,364 
tons  per  mile,  allowing  a  joint  at  every  nine  feet.  The  price  of  iron, 
including  every  expense,  will  be  £16  a  ton,*  and  the  total  cost  of  a  mile 
of  3^  foot  main  would  be,  say,  £22,000. 

I  will  now  turn  to  the  subject  of  masonry  channels,  and  first  as  to  their 
limits  in  size.  It  is  quite  clear  that,  so  far  as  the  engineering  of  the 
question  is  concerned,  it  is  jiist  as  easy  to  build  a  conduit  ten  or  twenty 
feet  as  it  is  to  build  one  five  feet  wide  or  high.  This  being  the  case, 
and  supposing  masonry  channels  can  be  used,  there  is  evidently  no  prac- 
tical limit  to  the  quantity  of  water  which  a  single  conduit,  so  different 
from  a  single  iron  pipe,  may  be  made  to  convey.  Thus  one  conduit 
would  often  suffice,  where  two  or  three  pipes  might  be  required. 

In  the  second  place,  unlike  pipes,  the  materials  and  labor  for  conduits 
need  not  be  brought  from  England.  They  exist  in  the  country — an  ad- 
vantage which  it  is  hardly  possible  to  magnify.  The  material  is  of  the 
cheapest  kind,  and  so  is  the  labor.  No  large  stock  of  the  former  need 
be  kept  at  hand,  nor  need  any  expensive  establishment  of  the  latter  be 
maintained.  The  nature  of  the  work  is  both  so  simple,  and  so  well  un- 
derstood by  the  common  laborers  of  the  country,  that  they  alone  are 
quite  sufficient  for  all  purposes. 

Then,  again,  masonry  does  not  soon  wear  away.  If  properly  con- 
Btructed,  it  is  practically  imperishable.  Some  of  the  Roman  aqueducts 
are  standing  to  this  present  day,  and  I  believe  there  are  masonry  channels 
now  in  use  in  parts  of  Italy  which  were  constructed  in  the  days  of  the 
Ccesars.'l'  Under  these  circumstances,  it  will  be  readily  understood  that 
the  cost  of  renewal  of  conduits  need  not  be  an  item  in  the  expense  of  a 
project — at  all  events,  not  for  the  next  twenty  generations. 

*  This  bu  been  fixed  by  me  In  commnnlcation  with  one  who  is  well  conversant  with  the  iron 
trade.  I  wish  I  could  lower  the  rate  and  mcriflco  uome  portion  of  the  strength  of  my  argument  in 
thia  place,  in  order  to  reduce  the  CKtimatee  of  the  various  projects  I  shall  have  further  on  to  submit 
to  the  Bench.  But  Us.  16U  a  tou  is  what  I  have  calculated  all  the  pipes  In  my  projects  at,  and  in 
■{lite  of  every  desire  to  keep  the  estimates  as  low  as  possible.  The  price  of  pig<iron  has  risen  about 
100  per  cent  in  the  last  twelve  months.  It  is  almost  certain,  moreover,  that,  in  cons(>quenoe  of  the 
rise  in  the  price  of  wages,  and  of  the  reduction  in  the  number  of  working  hours  which  has  taken 
place  in  Kngland  and  Scotland,  the  price  of  iron  will  never  ttdl  again  to  what  it  was  a  year  or 
two  ago- 

t  I  hare  personally  examined  the  masonry  in  th«  largest  of  tlie  aqoediicta  at  Romt,  and  wm  nur- 
pslMd  to  find  in  «h«t  a  wondvfol  state  of  pmeoiiation  it  waa. 
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And  now  as  to  the  oost  of  oondnits.  As  iron  pipes  are  limited  in  size, 
the  best  plan  will  be  to  compare,  say,  a  three  and  a-half  foot  main  with 
a  eondnit  capable  of  discharging  a  certain  quantity  of  water.  8nch  a 
main,  with  a  fall  of  five  feet  per  mile,  will  discharge*  18,000,000  gallons 
daily.  A  conduit  haying  a  waterway  four  feet  deep,  and  five  feet  wide, 
sad  being  arched  above,  would  with  the  same  fall,  dischargef  nearly 
40,000,000  gallons,  or  three  times  as  much.  The  cost  of  such  a  con- 
duit will  vary  according  to  the  soil  in  which  it  is  built.  In  the  case 
of  the  projects  which  I  shall  recommend  for  Bombay,  the  conduits  would 
be  almost  entirely  tunnels  through  solid  rock,  and  a  tunnel  six  feet 
high  in  the  middle,  by  fire  feet  wide  (about  as  small  a  one  as  could 
oonveniently  be  constructed)  at  the  rate  which  has  been  tendered  for  the 
Toolsee  work  under  Mr.  Walton,  would  cost  £6,000  per  mile.  If  the 
soil  were  of  the  very  worst  description,  and  building,  beside  tunnelling, 
had  to  be  resorted  to,  the  cost  of  the  conduit  would  be,  perhaps,  twice 
as  mnch,  or  £12,000  a  mile.  Considering  that  the  hills  through  which 
the  tunnelling  would  have  to  be  carried,  consist  almost  entirely  of  solid 
trap,  and  generally  of  the  hardest  description,  I  feel  certain  that  a  very 
small  portion  of  the  tunnel  will  have  to  be  built.  But  let  me  even  sup- 
pose that  one  mile  out  of  every  three  has  to  be  built,  then  the  average 
eost  would  be  Rs.  80,000,  or  £8,000,  a  mile.  I  will,  however,  Uke  it 
at  more  than  this,  at  as  much  as  £9,0004 

Thos,  it  turns  out  that  a  pipe,  three  and  a  half  feet  in  diameter,  will  cost 
two  and  a  half  times  as  mnch  as  a  conduit  which  discharges  three  times 
as  much  water.  In  other  words,  the  cost  of  a  conduit  will,  comparing 
the  quantity  of  water  delivered,  be  about  one-seventh,  that  of  a  pipe.§ 


•  Aoeocdiiig  to  the  formnU  mott  generaUj  in  me— yU.,  Hawkedey's— 0=:  y/0±2U^  ;  where  O 
If  the  dieeherge  in  gellont  per  hour,  L  the  length  of  pipe  in  yardi,  H  the  heed  of  water  in  feet,  and 
D  the  dift"*****^  of  pipe  in  inchea. 

t  By  the  well-known  formala,  which  le  a  modifloation  of  Bytelwein's,  «  =  05  «/  3A/«  where  «  ii 
the  T^odty  in  feet  per  minnte,  h  the  hydranlic  mean  depth  in  feet,  and  /  the  fall  in  feet  per  mile. 

X  Thla  rate,  with  oontlngenciee  are  allowed  for  farther  on.  Ib  nearly  £9000  a  mile.  The  Qlaegow 
aqnednet,the  croea  eection  of  which  hae  a  saperflcial  area  twice  as  great  ae  that  of  this  channel, 
eeet  about  £18,000  a  mile.  At  thie  rate,  therefore,  the  latter  ought  not  to  coet  more  than  £9,000  a 
mite.  Since  the  oonatruction  of  the  Olaagow  aqaednct,  and  particularly  within  the  last  three  yean, 
the  art  of  tunnelling  has  improred  immensely,  and  I  think  we  may  now  assume  that  the  Bombaj 
aqueduct  would  not  exceed  this  sum.  I  am  confident,  from  a  close  examination  of  the  strata  along 
the  entire  line,  that  a  rery  small  proportion  of  the  channel  wonld  bare  to  be  bailt.  The  Glasgow 
wineduct  paesed  in  many  parU  through  water-bearing  material,  which  of  course  must  hare  given 
great  trouble  to  work  through,  and  must  have  effected  the  oost  of  the  scheme  materially.  Then 
It  not  the  alightest  chance  of  our  baring  to  tunnel  through  strata  charged  with  water. 

f  Only  to  giT*  the  reader  an  idea  of  the  enormous  ooet  of  pipee  as  eompartd  with  the  other  items 
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In  order  to  convince  the  reader  that  this  is  not  exaggeration,  we  may  make 
the  comparison  in  another  way,  and  the  result  will  be  abont  the  same.  I 
have  already  mentioned  that  amain  d(  feet  in  diameter,  will  cost  £22,000 
per  mile.  Let  us  ascertain  what  the  size  of  a  conduit  to  cost  this  sum 
would  be,  and  how  much  water  it  would  give  us.  A  six-foot  square  tun- 
nel, with  as  flat  an  arch  above  as  possible,  would  not  cost  much  more  than 
about  £10,000  a  mile  under  favorable  circumstances,  i.  e.,  if  the  soil 
throngh  which  it  was  driven  were  rock,  and  no  masonry  were  required.  If 
the  soil  were  bad,  and  the  conduit  required  to  be  lined  with  masonry,  such 
a  tunnel  would  not  exceed  £20,000  per  mile.  Say  that  the  average  cost 
of  the  conduit  throngh  good  and  bad  soil  were  £15,000  a  mile.  Then, 
as  it  would  deliver  80,000,000  gallons  daily,  or  six  times  as  much  water 
as  the  pipe,  costing  £22,000  a  mile,  the  relative  cost  of  the  conduit 
would  be  about  one-ninth  that  of  the  pipe. 

And  now  let  me  direct  attention  to  a  point  I  have  purposely  reserved 
to  the  last,  and  which,  I  think,  the  reader  will  admit  to  be  an  unanswer- 
able alignment  in  favor  of  conduits  as  opposed  to  pipes. 

If  there  were  any  advantage  in  pipes,  this  advantage  would  be  ever  so 

which  go  to  form  the  estimate  for  a  water-iapply  project,  I  take  the  following  facte  from  Mr, 
AUken*4  Report  on  the  Sxtemion  of  the  Bombay  Water  Works.    Vide  pages  29  to  S3. 

POWAY  PROJECT. 

Cost  of  Beeenroir,       12^      lakhi  of  rapees,  or,     12S,M0 

••     Land,  6  „  „         „         60,0gO 

„    IronPipee,      JTJ  „  „        „       I72.C00 

Total,     ....        S6|  „  „         „       855,000 

Thni  the  pipes  was  to  cost  nearly  as  mnch  as  the  reaerrior  and  land  pat  together. 

KSNNKRT  Project. 

Cost  of  Reeenroir,       17     lakhs  of  rupees,  or,     170,000 

»*    Land,  1  „  „         „         10.000 

„    IronPipes,      384  „  „         „       285.000 

Total 41|  „  ,.  „       415,000 

In  this  case  the  pipes  was  to  cost  more  than  the  resenrior  and  land  together. 

Bhewla  Project. 

Oostof  Besenroir,         ii    lakhs  of  mpeas,  or,  110,000 

..    Ii«»d.                 4*         M           „         „  45,000 

„   Bteeilfain,       124J         „          „         „  1,247,500 

Total,    ....      u5         ..  M         M     1,402,500 

And  in  this  case  the  cost  of  the  pipe  was  to  be  mora  than  eight  times  as  much  as  the  ressrroir 

and  land  together ! 
These  facte  show  the  neoewity  which  ezista  for  every  effort  being  made  to  rednoe  the  cost  of  the 

meenn  of  bringing  the  wpter  to  the  town  from  the  rraenroir. 
All  the  estimates  in  this  Article,  illustrate  tha  same  so^Ject^Tis.,  tha  great  cost  of  iron  pipes 

«a  oompaied  with  that  of  the  other  items. 
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mach  greater  in  a  country  where  pipes  could  be  manufactnred  cheaply 
ind  vice  versd,  the  advantage  would  be  less  in  a  country  where  they  were 
dxfficalt  and  costly  to  obtain.     Let  us  then  inquire  whether  pipes  have 
been  used  in  preference  to  conduits  in  the  land  of  iron.     I  suppose  if  any 
one  were  aaked  where  pipes  could  be  obtained  cheapest,  he  would  at  once 
say  Qlaagow,  where  both  iron  and  the  coal  to  manufacture  it  with,  are 
found  in  sucli  abundance.     But  what  do  we  find  to  be  the  case  7     In  the 
Loch  Katrine  Works,  among  the  first  water-works  in  the  world,  out  of  a 
total  length  of  34  miles  of  pipes  and  conduits,  from  Loch  Katrine  to 
Glasgow,  there  are  only  12  miles  of  pipes  and  22  of  conduits,  and  in  a 
total  length  from  Loch  Katrine  to  the  service  reservoir  of  25|  miles,  there 
are  only  3  j  miles  of  pipes  and  22  of  conduits.     Mr.  Bateman,  admittedly 
one  of  the  first  hydraulic  engineers  of  the  day,  rather  than  lay  down  pipes, 
preferred  to  tunnel  through  hills,  and  some  of  the  shafts  were  nearly  500 
feet  deep  I     Can  any  one  after  this  doubt  the  necessity  of  our  dispensing 
with  the  use  of  iron  as  much  as  possible?     If  Mr.  Bateman  found  it 
cheaper  to  bring  water  through  conduits  to  Glasgow,  where  iron  could  at 
the  time  be  obtained  at  £4  and  £5  the  ton,  and  where  every  mechanical 
appliance,  cheap  fuel,  and  the  best  workmen  could  be  obtained,  how  much 
more  imperative  must  it  be  for  us  to  adopt  conduits  in  Bombay,  where 
pipes  will  cost  £16  per  ton,  where  the  use  of  mechanical  appliances  en- 
tula  a  heavy  cost,  where  the  price  of  coal  60«.  per  ton,  and  where  skilled 
workmen  are  not  only  expensive,  but  difficult  to  obtain. 

Let  me  g^ve  another  example  in  which  conduits  have  been  used  in  place 
of  pipes,  and  one  out  of  England,  and  where  the  features  of  the  country 
are  very  similar  in  their  character  to  those  of  the  Goncan.  The  water 
from  the  great  Furens  Dam*  is  drawn  for  the  supply  of  St.  Etienne 
through  a  masonry  conduit  which  has  been  built  in  open  cuttings  on  the 
ndea  of  the  hills.  In  this  instance  it  has  actually  been  found  cheaper  to 
build  a  long  masonry  channel,  than  to  lay  down  a  direct  iron  pipe,  and 
the  channel — just  as  would  be  the  case  in  the  Bombay  Water  Works 
has  been  built  of  stone  quarried  from  the  excavations  made  to  receive  it. 
Open  cutting  has  been  resorted  to  for  the  St.  Etienne  Works  in  place  of 
ionneUing,  because  the  hills  are  not  tortuous ;  but  where  they  are  so,  and 
where,  therefore,  the  length  of  the  conduit  would  be  out  of  all  proportion 
to  the  direct  distance  of  the  reservoir  from  the  tqwn,  there  is  no  doubt  that, 

•  rus  (t)  note  on  ptgt  76  of  No.  LXYni.,  Profonloiial  PapOTi  on  Indl«n  BnginMrinf .  Btoond 
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«8  in  the  Glasgow  Works,  tunnelling  would  be  by  far  the  better  method 
of  the  two. 

Strong  as  this  argument  is,  it  becomes  still  stronger  when  we  remem- 
ber that  the  art  of  tunnelling  has  wonderfnlly  improved  since  the  Glasgow 
Water- Works  were  carried  out.  There  is  hardly  any  branch  of  engineer- 
ing, in  which  such  great  strides  have  been  made.  This  is  shown  by  the 
last  tunnel  built  under  the  Thames,  which  was  successfully  completed  in 
a  few  months  without  the  least  difficulty,  while  firunePs  Tunnel  took 
years  to  construct. 

Where  much  water  is  found,  and  where  the  soil  is  sandy  and  treacherous, 
there  are  some  difficulties  to  overcome ;  but  in  the  case  of  the  tunnels  for 
the  Bombay  Water- Works,  the  strata  everywhere  are  known  to  be  trap, 
and  generally  of  a  hard  compact  nature.  The  tunnels,  moreover,  run  from 
200  to  800  feet  above  the  water  level  of  the  country.  I  only  hope  water 
may  be  found,  for  it  will  render  the  work  far  more  easy  of  accomplishment. 
The  hills  are  so  uncommonly  dry,  there  is  but  little  water  to  be  found  on 
them  for  even  drinking  purposes.* 

Hitherto  I  have  only  treated  of  conduits  in  the  common  acceptation  of 
the  word,  t.  e.,  as  channels  through  which  water  flows  as  through  a  canal : 
1  wish  now  to  say  a  few  words  on  conduits  under  pressure. 

Tlie  island  of  Bombay  and  the  surrounding  country  consist,  of  hardly 
anything  but  trap.  In  most  parts,  this  rock  is  hard  and  compact,  and,  if 
it  were  free  from  fissures,  there  is  no  doubt  it  could  be  depended  upon 
for  the  conveyance  of  water,  even  under  very  great  pressure.  Unfortu- 
nately, however,  trap  is  a  rock  which  varies  perhaps  more  than  any  other 
in  its  nature,  passing  from  the  hardest  basalt,  to  the  softest  volcanic  tufa. 
The  abundance,  however,  of  basalt,  and  the  fact  of  its  being  constantly 
found  in  the  valleys,  compelled  me  to  consider  whether  it  would  not  be 
worth  while  to  obtain  the  opinion  of  a  geologist,  as  to  the  likelihood  of 
■uooess,  if  rock  syphons  were  attempted  where  the  strata  promised  to  be 
aound.  The  valuable  opinion  of  Mr.  Blandford,  who  is  known  to  be  one  of 
the  ablest  geologists  in  India,  was  solicited,  but  I  regret  to  say  that  it  is 
not  favorable  to  the  idea  of  rock  syphons.  At  the  same  time  I  am  bound 
to  add,  that  it  is  far  from  being  so  unfavorable  as  to  prevent  a  trial 
being  made. 

*  I  uaA  my  ■Qiiqjwi  have  alwafv  bad  to  eany  our  wm'j&t  for  qm  tnm  Oftsp.  W«  have  occa- 
iianaUytouid  water  oolbahUii,bo»  in  vyMaaUgnaBtititi  iif Iwr  ta  pooto  or  drihbUag  down  tha 
tMaoCanok. 
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It  most  be  remembered  that  according  to  the  qnantity  of  water  brought 
to  Bombay,  from  one  and  a  half,  to  more  than  two  lakhs  of  rapees  would 
be  8a?ed  in  every  mile  of  rock  syphon  used  in  place  of  an  iron  pipe.  What 
I  would  propose  to  the  Bench  is,  not  that  they  should  make  an  experiment 
on  a  grand  scale  involving  great  expense ;  to  arrive  at  an  opinion  on  the 
Bobject,  a  small  outlay  is  all  that  is  required ,  and  the  experiment  should 
be  made  without  delay,  and  in  the  island  of  Bombay  itself. 

It  does  not  matter  what  project  is  decided  upon,  or  what  the  quantity 
of  water  to  be  brought  to  the  town  may  be ;  the  tunnel  will  answer  equal- 
ly well  for  any  of  the  projects,  and  the  smallest  sized  one  that  can  conve- 
niently be  made  will  deliver  five  and  six  times  more  water  than  can  be 
required.  Let  the  experimental  tunnel  be  only  half  a  mile  long,  and  let 
it  be  constructed  along  some  portion  of  the  line  which  the  pipes  will  fol- 
low, if  the  tunnel  does  not  answer.  Let  shafts  be  sunk  at  intervals  of  two 
or  three  hnndred  yards  apart,  and  let  the  tunnel  be  driven  at  the  depth  of 
fifiy  f^  Mow  the  point  at  which  solid  rock  is  found,  not  merely  fifty  feet 
below  the  surface  of  the  groand.*  Nearly  everywhere  in  the  island  sound 
rock  will  be  found,  at  less  than  20  feet  from  the  sarface,  so  that  the  tunnel 
would  not  lie  more  than  about  seventy  feet  below.  If,  in  sinking  the 
shafts,  the  rock  at  this  depth  were  soft,  it  would  not  be  necessary  to  carry 
the  experiment  further.  I  would  not  stop  the  work  in  hard  rock,  even  if 
there  were  fissures,  as  one  of  the  very  points  to  be  decided  is  whether  the 
fissures  could  not  be  effectually  stopped  up  to  prevent  the  escape  of  the 
water.  My  own  impression  is  that  such  fissures  as  may  be  met  with,  will 
not  extend  to  the  surface,  but  be  merely  confined  to  the  distance  of  a  few 
yards  from  the  tunnel,  and  that  no  water,  therefore,  would  escape  through 
them. 

After  the  tunnel  was  constructed,  it  could  be  filled  with  water,  and  the 
months  of  the  shafts  stopped  up,  and  hydraulic  pressure  applied.  There 
would  not  be  the  slightest  chance  of  the  tunnel  bursting.  Such  a  casual- 
ty would  be  impossible.  At  the  very  worst,  the  water  might  escape  to  the 
surface,  and  this  would  soon  be  ascertained,  and  an  opinion  could  be 
arrived  at  on  thd  experiment. 

The  argument  brought  against  such  a  proposition  will  of  course  be  that 
a  rock  syphon  has  never  yet  been  constructed.     My  reply  to  this  is,  that 

*  This  ezpcKment  should  not  be  made  in  the  neighboorhood  of  KoorU,  or  acroei  the  cansewAj, 
becaanth*  ttraU  «re  not  toTorable,  ftod  iron  pipes  would  probftblj  hare  to  be  OMd  in  thate  plaoea. 
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I  knew  of  no  town  sitnated  as  Bombay  is,  where  a  rock  syphon  conld  have 
been  attempted  with  a  chance  of  success.  It  would  be  a  pity  for  the  Bom- 
bay people  to  condemn  the  idea,  simply  for  its  novelty.  I  do  not  for  one 
moment  maintain  that  rock  syphons  can  be  constructed,  but,  considering 
the  extraordinarily  exceptional  nature  of  the  rock  about  Bombay,  I  am  most 
emphatically  of  opinion  that  the  Bench  should  sanction,  say,  Rs.  30,000, 
to  ascertain  whether  it  is  possible  for  them  to  save  a  first  expense  of  eight 
or  ten  lakhs  of  rupees,  and  an  ultimate  one  of  perhaps  fifty.* 

To  sum  up,  then,  the  arguments  of  this  Article,  I  trust  the  reader  will 
see  there  is  no  doubt  that  masonry  conduits  are  many  times  cheaper  than 
iron  pipes ;  that  they  are  far  better  suited  to  the  circumstances  of  Bombay, 
where  the  materials  and  labor  for  their  construction  are  both  cheap  and 
abundant,  and  where  pipes  are  costly ;  that  a  single  line  of  conduits  will 
out-last  a  dozen  or  more  lines  of  pipes ;  and  that  in  adopting  conduits, 
we  should  not  be  carrying  out  works  of  an  experimental  nature,  but  should 
merely  be  following  the  example  of  one  of  the  finest  and  most  successful 
water-works  in  the  United  Kingdom. 

And,  with  regard  to  rock  syphons,  which  must  not  be  confounded  with 
conduits,  I  trust  he  will  see  that,  whatever  may  be  the  opinions  of  differ- 
ent people  on  a  work,  the  like  of  which  has  never  yet  been  tried,  still 
considering  the  enormous  saving  which  the  success  of  such  a  work  would 
ensure,  we  should  be  justified  in  going  to  some  slight  expense  to  prove  by 
direct  experiments  the  feasibility  of  the  proposition. 


ON   THE    ADVANTAGES   OF   A    SEHVICE    RESERVOIR,    AND    THE   NECESSITY 
FOR    LAYING    PIPES    ADOVB    GROUND. 

Hitherto  it  has  been  proposed  in  every  project  to  deliver  the  water  to 
Bombay  under  direct  pressure  from  the  storage  reservoir.  As  I  am  of 
opinion  that  this  would  not  only  entail  needless  expense,  but  cause  many 
more  interruptions  in  the  regular  supply  to  the  town  than  would  take 
place  if  we  had  a  service  reservoir  nearer  at  hand,  it  is  necessary  that  I 
shoold  prove  the  point. 

*  Sinoe  wrtting  the  above,  the  price  of  iron  hM  gone  np  etni  higher,  Aod  It  feppean  to  me  more 
thu  0T«  neoeeMryto  make  the  ezperiment  recommended  abort. 
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It  does  not  of  coarse  follow  tliat  because  channels  are  cheaper  than 

pipea,  therefore  to  bring  the  water  nearer  to  Bombaj  by  help  of  cbanneU 

fint,  and  then  to  deliver  it  bj  pipes,  will  be  cheaper  than  to  employ  pipes 

only.    It  may  bo  happen  that  the  additional  cost  of  the  sendee  reservoir 

in  the  former  case  may  render  that  system  on  the  whole  more  expensive. 

I  will,  however,  ahow  that,  so  far  as  Bombay  is  concerned,  there  is  no 

doubt  of  the  advantage  of  the  method  of  distributing  the  water  from  a 

lerfioe  reaerroir.     Let  me  take  by  way  of  illustration  any  of  the  projects 

vbioh  have  been  proposed.     The  Kennery  Project  will  serve  for  the  ar* 

gument  as  well  as  any  other. 

In  order  to  bring  the  Kennery  water  direct  from  the  lake,  Mr.  Aitken 
proposed  a  main  32  inches  in  diameter,  and  1^  inch  thick.*  It  was 
moreover  to  be  22  miles  long,  and  to  coRt  23^  lakhs  of  rupees,  or  rather 
more  than  a  lakh  a  mile.  Now  I  find  that  by  means  almost  altogether 
of  a  conduit,  the  Kennery  water  can  be  brought  to  within  9(  miles  of 
Bombay,  and  that  from  this  point  the  pipe,  instead  of  being  32  inches  in 
diameter,  need  not  be  more  than  27.  The  unprofessional  reader  will 
naturally  suppose  that  if  the  pipe  is  reduced  in  size,  it  will  not  deliver 
tbe  same  quantity  of  water,  but  this  is  not  so.  The  pipe  of  27  inches 
diameter  will  in  the  second  case  deliver  quite  as  much  water  as  the  pipe 
of  32  inches  will  in  the  first.  The  apparent  paradox  is  easily  explained. 
A  pipe  delivers  water  in  proportion  to  the  head  of  water  compared  with 
its  own  length.  A  pressure  of  500  feet  is  no  more  effective  at  the  dis- 
tance of  50  miles  than  the  pressure  of  100  feet  at  the  distance  of  10 
miles.  The  discliarges  of  all  pipes  are  calculated  on  this  principle.  The 
discharge  in  the  case  of  a  pipe  from  the  Kennery  Lake  would  be  in  pro- 
portion to  the  head  at  that  long  distance.  Let  us  suppose  the  water  to 
be  taken  from  the  lake  at  a  point  170  feet  above  Bombay,  which  is  about 
the  level  at  which  it  would  have  to  be  drawn.  Then  the  average  fall 
available  for  the  pipe  would  be  -^  n,u^,'>  or  not  quite  8  feet  per  mile. 

Now  if,  on  the  other  hand,  we  first  brought  the  water  to  within  9i 
miles  of  Bombay  before  delivering  it  to  the  town  under  pressure,  I  find 
this  could  be  done  with  very  little  loss  of  head.  The  distance  between 
the  Kennery  and  the  service  reservoir  is  8^  miles,  and,  excepting  in  one 
portion  of  the  line  (three-  quarters  of  a  mile  long)  where,  there  being  a 
depression  in  the  hills,  it  would  be  too  expensive  to  construct  a  masonry 

•  VuU  page  aOjof  his  Efportom  t/U  EaUutumqfthe  Bomhuff  WtUer  Works. 
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work,  and  a  pipe  would  ha^e  to  be  laid,  we  could  use  conduits  through- 
out. If  we  did  so,  we  should  not  have  to  give  the  channel  a  greater 
slope  than  12  inches  a  mile,  because,  even  with  a  waterway  5  feet  wide 
and  4  four  deep,  it  would  discharge  more  than  twice  the  daily  supply  from 
Kennery.     The  total  fall,  therefore,  in  the  7^  miles  would  be  7^  feet. 

The  syphon  across  the  depression  in  the  hills  need  not  have  a  greater 
slope  than  5  feet  per  mile,  as,  if  it  were  even  36  inches  in  diameter,  it 
would  carry  the  daily  supply  from  Kennery  ;  but  in  calculating  the  cost 
I  will  suppose  a  42  inch*  pipe  is  used,  or  one  capable  of  discharging  one 
and  a-half  times  the  daily  supply.  The  total  fall,  then,  in  the  syphon, 
three-quarters  of  a  mile  long,  would  be  3|  feet,  and  the  total  fall  in  the 
conduit  and  syphon  together  would  be  just  11^  feet,t  so  that  if  the  water, 
as  I  propose,  left  the  Kennery  Lake  170  feet  above  Bombay,  it  would 
reach  the  service  reservoir  at  (170  —  11^)  158|  feet  above  Bombay. 
This  pressure  being  available  at  the  distance  of  only  9^  miles^  the  aver- 
age fall  would  be  (*-|^  or)  about  16§  feet  per  mile,  more  than  double 
that  in  the  case  of  one  long  continuous  pipe  from  Kennery.  This  great 
fall  enables  us  to  reduce  the  size  of  the  pipe,  so  that,  whereas  a  pipe  of 
32  inches  diameter  is  required  in  the  one  case,  a  pipe  of  28  inches  diame- 
ter suffices  in  the  other.  Nor  is  this  all ;  the  smaller  the  pipe  the  thinner 
the  metal  to  resist  the  pressure  may  be,  so  that  besides  a  smaller  pipe  we 
need  not  have  one  so  thick. 

The  cost  of  the  32i-inch  main  from  Kennery  was  calculated  at  23^ 
lakhs  of  rupees.     The  cost  of  the  channel  syphon  and  pipe  would  be :  — 

BS. 

74  miles  of  channel,  at  Rs.  80,000  a  mile 6,00.000 

Syphon  |-mile  long,  42  inches  in  diameter  and  1  inch  thick,( 

weighing832  tons,  at  110  Rs.  aton,  91,520 

94  miles  of  28-inch  pipe,  1  inch  thick,  weighing  720  tons  per 

mile,  at  110  Rs.  a  ton,§  or  79,200  Rs.  a  mile,    7,52.400 

14.43.920 

Add  10  per  cent  for  contingencies,  say,    1.44.080 

Total 16,88,000 

*  In  my  Kennery  Project  the  pipe  I  propose  is  48  bicbes  in  diameter,  bat  tbis  is  for  special  rea- 
nu,  wbich  do  not  concern  my  argument  bere. 

In  my  Kennery  Project  tbo  actual  fall  is  Ui  feet,  bat  tbis  also  is  proposed  for  special  reasons, 

are  too  long  lor  me  to  explain  now.    For  tbe  purposes  of  my  argument,  tbe  abore  statement 

.•ect,  Inaimacb  as  we  are  oonoemed  bexe,  not  witb  the  f  aU  it  would  be  best  to  give  to  tbe  channel 

jpbon— for  that  may  depend  on  several  other  considerations— but  the  fall  we  could  give  to  them 

rder  to  keep  the  water  as  high  as  poceible. 

It  might  be  only  three^uarters  of  an  inch  thick,  as  it  would  not  have  to  xwist  a  greater  prssRiro 
jui  a  head  of  water  of  M  feet. 
f  About  the  same  rate  at  which  the  3a|  inch  main  was  caknlaterl. 
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Bo  ibat  the  difference  of  cost  between  a  long  pipe  from  the  lake  and  a 
eondait,  sypbon,  and  pipe,  amounts  in  this  one  project  to  aboat  eight 
hkhs  of  rupees.  Now  the  cost  of  a  service  reservoir  will  not  be  more 
Ibn  three  lakha,  so  that  the  advantage  of  a  system  with  a  service  reser- 
T(Mr,  so  far  as  mere  expense  is  concerned,  is  manifest.  The  argument 
wodd  be  still  stronger  if  1  took  a  project  with  a  reservoir  beyond  8al- 
gette— sacb,  for  instance,  as  the  Shewla  or  the  Tansa  Project. 

The  other  great  advantage  which  a  service  reservoir  possesses  is  this : 
we  reduce  the  number  of  interruptions  to  the  regular  supply.  If  we  have 
•  long  pipe — as,  let  us  suppose,  for  instance,  the  one  from  Kennery — an 
accident  in  any  portion  of  the  line  of  22  miles  must  necessarily  cause  the 
entire  sapply  to  the  town  to  be  cut  off  while  the  damage  done  is  being 
repaired.  But  in  the  case  of  a  service  reservoir,  if  an  accident  happens 
above  the  reservoir,  the  supply  can  still  go  on  from  the  latter  while  the 
conduit  is  being  restored,  and,  when  the  conduit  is  open  again  for  use, 
the  service  reservoir  can  be  refilled. 

The  great  length,  fifty-six  miles,  of  the  continuous  pipe  from  the 
Shewla  reservoir  to  Bombay,  proposed  by  Mr.  Aitken,  constituted  in 
the  eyes  of  most  of  the  profession  one  of  the  greatest  objections  to  the 
scheme.  The  longer  the  pipe  the  greater  must  be  the  number  of  bursts 
which  take  place  in  it,  and  the  greater  must  be  the  number  of  stoppages 
to  the  supply  to  the  town.  So  that,  if  the  pipe  from  Yehar  to  Bombay, 
fourteen  miles  long,  bursts  a  dozen  times  yearly,  and  the  water  has  to  be 
shut  off  from  the  town  for  twelve  days  in  the  year,  it  would  have  to  be  shut 
off  four  times  as  often,  or  for  forty  eight  days  in  the  year,  in  a  pipe  four 
times  as  long, — viz.,  fifty-six  miles ;  and  this,  where  the  interests  and 
welfare  of  nearly  three-quarters  of  a  million  people  are  concerned,  is  an 
important  consideration. 

Even  if  a  service  reservoir  entailed  considerable  extra  cost  over  a  con- 
tinuous pipe — which  it  fortunately,  in  the  case  of  Bombay,  does  not — I 
should  still  most  strongly  advocate  its  adoption,  in  consequence  of  the 
great  advantage  it  affords  in  the  regularity  of  the  supply  not  being 
dependent  on  the  security  of  a  single  long  line  of  pipes. 

Here  again,  in  recommending  the  use  of  service  reservoirs  situated 
nearer  to  the  town  than  the  storage  reservoirs,  I  am  merely  following  the 
practice  of  the  most  eminent  hydraulic  engineers  of  the  day.  Both  at 
Uanchester  and  Glasgow,  and  also  at  numerous  other  towns,  the  water 
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is  stored  for  nse  at  a  long  distance  from  the  town,  but  is  dlstribnted  to 
the  population  from  senrice  reservoirs  kept  constantly  filled  from  the 
distant  lakes.  Indeed,  the  time  will  come,  if  it  has  not  already,  when 
the  inconyenience  of  the  stoppage  of  the  water  from  Bombay  for  even  a 
few  hoars  will  be  considered  so  intolerable,  that  it  will  be  necessary  to 
have  one  or  two  distribnting  reservoirs  in  the  town  itself  to  contain  a 
sufficient  supply  for  one  or  two  days.  I  do  not  recommend  their  con- 
struction just  now,  because  I  think  the  town  had  better  spend  all  its  pre- 
sent available  means  in  storing  water  and  in  bringing  more  to  the  people. 
Distributing  reservoirs  can  be  built  at  any  future  time  when  the  want  of 
them  is  really  felt. 

In  conclusion,  I  have  only  to  add  that  it  is  surprising  to  me  to  find  that 
the  necessity  of  bringing  the  water  as  near  as  possible  to  Bombay  before 
distributing  it  under  pressure  should  never  before  this  have  been  pointed 
out  to  the  Bench,  and  that  I  should  have  to  bring  it  to  their  notice.  The 
mere  fact  of  the  system  being  exactly  in  accordance  with  the  best  Euro- 
pean practice  should  have  drawn  attention  to  the  subject  long  ago. 

I  have  already  referred  to  the  rapid  destruction  of  iron  by  corrosion, 
and  Mr.  Aitken  has  stated  in  his  Report  on  the  Extension  of  the  Bombay 
Water  Works,  that  he  has  seen  cast-iron  pipes  laid  down  in  the  island 
corroded  in  five  or  six  years.  There  is  no  doubt  whatever  that  the 
process  of  corrosion  is  much  more  rapid  in  Bombay  than  it  is  in  England, 
and  that  this  is,  in  great  part,  due  to  the  large  quantities  of  saline  mat- 
ter mixed  with  the  soil.  So  important  did  Mr.  Aitken  think  the  subject, 
that  he  considered  it  necessary  to  advocate  that  his  pipe  should  be  placed 
on  standards  above  ground.  The  great  objection  urged  against  this 
proposition,  during  the  sitting  of  the  Water-supply  and  Drainage  Com- 
mission in  1869,  was  that  the  water  would  arrive  in  Bombay  at  a  tem- 
perature sufficiently  high  to  boil  an  eg%.  Now,  on  this  one  point  I  agree 
with  Mr.  Aitken,  and  I  altogether  dispute  the  validity  of  the  objection. 
I  am  of  opinion  that  the  temperature  of  the  water  in  a  pipe  exposed  to 
the  sun  would  not  be  materially  affected  ;  but  the  fact  can  be  ascertained 
by  the  simplest  of  experiments,  and  at  a  most  trifling  expense,  perhaps 
50  Rupees. 

I  propose  that  one  of  the  dO-inch  pipes  in  the  possession  of  the  Bench 
be  taken  and,  being  supporting  on  standards,  be  exposed  to  the  full  heat 
of  the  sun  some  day  in  October,  when  the  sua  is,  perhaps^  as  powerful  as 


MASOMBY  00VDUIT8    VerWS  IBOM   P1PK».  171 

it  mj  time  of  the  year.  Let  the  two  ends  of  the  pipe  be  closed  with  flat 
iron  plates,  the  pipe  filled  with  water,  and  arrangements  be  made  for  draw- 
ing off  the  water  from  time  to  time  by  a  small  cock.  Beginning  at  six 
o'dodL  in  the  morning  let  small  qoantities  of  the  water  be  drawn  at  every 
lioiir  ap  to  six  in  the  evening,  and  each  time  let  a  thermometer  be  plunged 
into  the  water  to  ascertain  its  temperature.  We  shall  then  know,  to  a 
oeitsinty,  to  what  extent  exactly  the  water  will  be  heated  in  a  pipe  expos- 
ed all  day  long  to  the  action  of  the  sun. 

Let  it  be  borne  in  mind  that  the  water  delivered  in  Bombay  through  a 
main  wonld  never  be  so  warm  as  that  in  the  experimental  pipe  suggested 
by  me.  In  this  latter  case,  the  pipe  will  be  exposed  to  the  sun's  rays  all 
day  long,  and  the  water  will  be  heating  all  this  time ;  but  the  water  in  a 
main  wonld  not  take  more  than  five  or  six  hours  to  reach  the  town  after 
it  left  the  reservoir. 

It  the  experiment  shows  that  the  temperature  of  the  water  is  not  sen- 
nbly  increased,  the  pipes  can  be  laid  above  ground  without  any  protec- 
tion from  the  snn,  but,  if  the  temperature  rises,  it  will  be  necessary  to 
ooDsider  if  steps  could  not  be  taken  to  protect  them  in  some  way,  so  that 
the  direct  rays  of  the  sun  should  not  fall  on  them.  I  am  opinion  that 
there  are  many  ways  in  which  this  could  be  done,  but  I  will  merely  sug- 
gest one  or  two,  not  advocating  any  particularly,  but  merely  putting  them 
forward  for  consideration  witli  the  numerous  other  plans  which  are  sure 
to  be  proposed  in  Bombay.  Bundles  of  dried  grass,  one  of  the  few  things 
to  be  had  very  cheap  in  Bombay,  might  be  laid  four  inches  in  diameter 
over  the  upper  half  of  the  pipe,  and  a  sheet  of  thin  galvanized  iron,  bent 
to  a  semicircnlar  form,  be  laid  over  the  grass.  At  intervals  of  three  or 
four  feet  apart,  hoop  iron  might  be  passed  round  the  whole,  binding  them 
together,  and  a  coat  of  tar  might  be  put  over  the  upper  half  of  the  pipe 
for  its  better  preservation. 

Or  a  sheet  of  galvanized  iron  might  be  fixed  over  the  pipe  without  any 
hay  between,  but  in  this  case  it  would  be  well  to  have  a  space  of  about 
eight  inches  between  the  sheet  and  the  pipe,  so  as  to  let  the  air  play 
freely  between  them. 

Tarred  felt  might  also  be  tried,  but  I  do  not  recommend  it,  as  I  fear  it 
would  not  last  long.  But  it  does  not  matter  what  method  is  adopted. 
Some  good  plan  is  sure  to  be  discovered  finally.  What  is  really  neces- 
sary at  first  is,  that  the  Bench  should  be  satisfied  that  pipes  laid  above 
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ground  will  last  longer  than  if  buried  in  the  earth,  and  in  order  to  prove 
this  point,  I  only  ask  them  to  examine  the  line  of  pipes  between  Vehar 
and  Bombay.  Soon  after  leaving  the  Main  Dam,  the  pipe  runs  over  the 
Gopur  stream,  and  is  exposed  to  the  air  for  a  length  of  about  a  hundred 
feet.*  This  portion  of  the  line  appears  now  to  be  in  nearly  as  good  a 
Btate  of  preservation  as  on  the  day  when  it  was  laid  down.  But  let  any 
other  part  of  the  line  which  has  been  buried  beneath  the  soil  be  exposed^ 
examined,  and  compared  with  this  portion.  The  pipes  will  be  found  with 
their  surfaces  rough,  eaten  through,  or  scaling  off  with  corrosion.  •  Facta 
of  this  kind  are  worth  a  thousand  opinions,  and  if  it  be  the  case,  as  it 
undoubtedly  is  that  pipes  exposed  to  the  air  do  not  corrode  to  anything  like 
the  same  extent  as  those  which  are  buried,  there  surely  can  be  no  doubt, 
considering  the  enormous  price  of  iron  now,  of  the  advisability  of  our 
taking  every  step  in  our  power  to  make  our  mains  last  as  long  as  possible. 

The  mere  saving  in  the  water-supply  alone  should  ensure  the  consider- 
ation of  the  subject.  When  pipes  are  buried,  they  may  go  on  leaking  for 
years  without  the  fact  being  discovered,  whereas,  when  they  are  laid  above 
ground,  the  slightest  leak  betrays  itself  at  once,  and  can  be  stopped  without 
delay. 

I  trust  I  have  now  demonstrated  that,  before  we  go  on  blindly  repeat- 
ing what  may  prove  to  be  the  errors  committed  before,  it  is  incumbent 
on  ns  first  to  ascertain  whether  pipes  above  ground  in  Bombay  do  really 
last  longer  than  those  buried  beneath  the  soil,  and,  if  this  is  proved, 
whether  the  temperature  of  the  water  will  be  sensibly  affected  by  exposing 
the  pipes  to  the  full  heat  of  the  sun,  and,  even  if  this  be  the  case,  to  inquire 
whether  steps  cannot  be  taken  to  protect  them  from  absorbing  such  an 
Amount  of  heat  as  would  raise  the  temperature  of  the  water. 

H.  T. 


^  I  write  fkom  tteiBory. 
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No.  LXXVII. 
HISTORY  OF  THE  WATER-SUPPLY  OF  BOMBAY. 

IVidt  Plates  XHL  to  XXX.] 


Br  Major  Hector  Tulloch,  R.E. 


Om  the  2nd  June,  1845,  the  Goyemment  of  Bombaj  were  so  alarmed  at 
the  deficiency  of  water  in  the  town,  that  they  passed  a  Resolution  ap- 
pointing a  Committee  to  report  with  the  least  possible  delay  on  the  state 
of  the  wells  in  the  Island,  the  quality  of  the'  water  in  them,  and  the 
quantity  remaining  for  consumption. 

The  demand  for  the  Report  must  indeed  have  been  rery  urgent,  for 
the  Committee,  composed  of  Doctors  Graham  and  Leith,  submitted  their 
Tiews  to  Government  on  the  very  next  day.  They  acknowledged  the 
great  want  of  water  prevailing  in  the  town,  and  the  great  distress  felt 
by  the  people  from  the  deficiency ;  they  pointed  out,  moreover,  that  the 
water  was,  as  a  rule,  bad  in  quality,  in  some  instances  brackish,  and  in 
others,  tainted  by  the  drainage  from  the  streets.  It  will  interest  the 
reader  to  learn  that  the  recommendations  they  made  were :  that  the  use 
of  some  private  wells  in  Girgaum  should  be  secured  for  the  public  by 
compensating  the  owners ;  that  the  wells  on  the  esplanade*  where  cattle 
were  watered  should  be  reserved  for  man ;  and  that  other  wells  in  the 
same  locality  which  had  been  closed,  should  be  re-opened.  One  cannot 
but  be  struck  by  what  must  seem  to  us  the  mildness  of  the  remedy  pro- 
posed to  be  applied  in  those  days  in  so  serious  a  case. 
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The  crisis  mast  have  been  a  very  alarming  one,  for  we  find  that,  three 
days  after  the  report  was  sent  in  by  the  Committee,  the  Government 
passed  another  Resolation,  in  which  the  Oliief  Engineer  of  the  time  was 
also  called  upon  to  report  on  the  subject,  and  they  expressed  themselres 
*'  most  anxious  to  preyent  the  recurrence,  even  during  one  year,  of  such 
a  calamity  as  is  now  felt.*' 

So  great  was  the  attention  which  the  matter  attracted,  that  before  even 
the  Chief  Engineer,  who  took  ten  days  only  to  think  over  his  project, 
could  reply  to  the  demand  of  the  Government,  another  gentleman,  who 
had  been  devoting  himself  to  the  solution  of  the  problem,  stepped  in  and 
proposed  a  remedy  for  the  evil.  We  find  that  on  the  14th  of  June,  a 
memorandum  was  prepared  by  L.  C.  C.  Rivett,  Esq.,  of  the  Civil  Ser- 
vice, "  On  the  practicability  of  obtaining  a  supply  of  Good  Water  for  the 
Native  Town  of  Bombay." 

Mr.  Rivett  pointed  out  that  it  was  hopeless  to  attempt  to  add  to  the 
*  supply  by  means  of  wells ;  that  in  order  to  keep  the  tanks  in  the  town 
full  up  to  a  certain  level  during  the  whole  year,  the  only  plan  was  to  col- 
lect rain-water  during  the  monsoon,  and  that  the  principal  desiderata  were 
**an  elevated  position  for  a  reservoir,"  "  a  large  surface  from  which  to 
fill  this  reservoir,"  and  ''facility  of  conveying  the  water  from  this  reser- 
voir to  the  tanks  in  qne8ti'>n."  Mr.  Rivett  wrote :  *<  the  principal  points 
which  at  first  sight  present  themselves  for  such  an  object  appear  to  be" 
— I  think  the  Bombay  public  will  smile — *'  Nowrojee  Hill  at  the  back  of 
the  Gaol,  the  hill  above  Mazagon,  the  Chinchpoogly  Hills,  the  hill  above 
Parell,  Malabar  Hill  adjacent  to  the  Parsee  Cemetery,  and  the  hill 
above  Col.  Dansterville's  House."  How  wonderfully  the  town  has  grown 
since  then,  and  how  our  wants  have  increased,  we  can  realize  by  the  fact 
that  the  idea  should  at  one  time  have  been  even  entertained  that  these 
sources  might  suffice. 

A  glimpse  of  the  future  Bombay  must  have  been  caught  by  Mr.  Rivett 
even  a  quarter  of  a  century  ago,  for,  on  consideration,  he  rejected  all 
these  sources.  Calculating  the  areas  of  the  important  tanks  on  which 
the  town  depended  for  its  supply,  Mr.  Rivett  found  they  amounted  to 
672,000  square  feet,  and  he  considered  it  would  be  necessary  to  s«pplj 
each  tank  with  water  to  the  depth  of  sixteen  feet.  Proceeding  then  on 
the  supposition  that  the  rain-fall  was  6^  feet  in  the  year,  and  that  only 
half  of  it  could  be  collected,  and  assuming  that  the  zeservoir  should  hold 


HUTO&y  or  THB  WATBB-SUPPLT  OF   BOMBAY.  175 

ithne  years*  snpplj,  he  found  he  should  require  a  gathering  ground 
of  240  acres.  This  would  enable  him  to  collect  200,000,000  gallons. 
Ai  none  of  the  sites  above-mentioned  offered  this  extent  of  collecting 
iret,  he  proposed  that  a  reservoir  should  be  built  on  a  hill  standing  on 
the  peninsula  called  '*  The  Neat's  Tongue/'  but  which  we  know  better 
IS  «  Trombay."     He  said— 

"  There  la,  however,  on  the  peninsula  called  the  Neat's  Tongue,  a  hill 
wliich  offers  all  the  requisite  advantages,  and  where  a  reservoir  sufficient 
to  supply  fifty  times  the  amount  above  specified  (200,000,000  gallons), 
might  be  constructed.  This  hill  is  certainly  800  or  1,000  feet  high; 
iti  sidea  are  steep,  and  there  are  several  spots  on  it  in  which  the  ground 
converging  towards  the  nullahs,  forms  almost  a  natural  crater,  admirably 
adapted  for  a  reservoir.  There  is  here  sufficient  unemployed  surface  to 
collect  water  for  a  reservoir  of  almost  boundless  extent,  and  one,  the 
bottom  of  which  would  be  at  least  300  feet  above  the  level  of  the  tanks 
it  would  have  to  supply.  On  this  hill  a  point  might  be  selected,  distant 
from  Sewree  in  a  direct  line  three  miles.  The  water  from  the  reservoir 
might  be  conveyed  from  the  hill  by  an  aqueduct  of  iron  pipes,  supported 
on  pillars  of  masonry,  across  the  arm  of  the  sea  (dry  at  low  water)  which 
separates  Sewree  from  the  Neat's  Tongue.  From  Sewree  a  similar 
aqueduct  would  lead  the  water  to  the  Byculla  Tank,  in  the  first  instancci 
and  from  thence  it  should  be  conveyed  by  underground  pipes  to  the  other 
tanks,  or  any  other  point  in  the  native  town,  which  in  this  manner  might 
be  as  well  supplied  with  water  as  London." 

The  Estimate  of  the  cost  of  the  works  was  as  follows : — 

5)  miles  of  12-inch  pipes  from  the  Beservoir  on  Neat's  ToDgae  to 

Bombaj,         ..            ..            ..            ..            ..            ..  8,800 

2  miles  of  pipes  to  distribute  the  water  from  tank  to  tank,           • .  3,200 

Masonry  colmnns  to  support  the  54  miles  of  pipes,         . .            . .  16,940 

Besorvoir,  about,    ..            ••            ••            ..            ..            ..  40,000 

Total,  ..    68,940 

Or  somewhat  less  than  seven  lakhs  of  rupees. 

At  this  distance  of  time  it  is  amusing  to  think,  that  the  hill  on  the 
Island  of  Trombay,  should  ever  have  been  considered  so  extensive,  as  to 
be  able  to  give  us  a  reservoir  *'  of  almost  boundless  extent."  Since  Mr. 
Bivett*8  day,  the  inhabitants  have  multiplied  to  such  an  extent,  that  the 
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supply  from  any  reserroir  in  Trombay  wonld  hardly  suflBce  the  town  for 
more  than  a  week. 

Mr.  Rivett's  proposition,  although  it  was  pnt  forward  with  great 
ability,  and  was  really,  in  my  opinion,  well  worthy  of  consideration  at 
that  time,  does  not  seem  to  have  met  with  approval.  At  all  events  no 
action  was  taken  upon  it,  and  we  may,  therefore,  conclude  it  died  a 
natnral  death.  Two  days  after  the  issae  of  his  memorandum,  the  Chief 
Engineer,  Lient.-Col.  George  Jervis,  came  forward  and  submitted  his 
remedy  to  alleviate  the  thirst  of  the  patient.    This  was:— 

"  To  provide  three  reservoirs  in  the  following  situations  which  afford 
sandstone  strata  which  are  saturated  with  water  throughout  the  year — 1«<, 
The  Dhobee^s  Tank  on  the  Esplanade;  2nd,  Some  eligible  spot  to  be 
purchased  in  the  Girgaum  Oarts ;  Srd,  The  Cocoanut  Oarts  of  Mahim. 
The  first  for  the  supply  of  the  Fort ;  the  second  for  the  supply  of  the 
Native  Town,  from  the  verge  of  the  Esplanade  to  a  line  running  east  and 
west  from  the  Mombadavee  Tank ;  the  third  for  the  supply  of  Parell, 
Byculla,  Mazagon,  and  the  Native  Town,  north  of  the  line  above-men- 
tioned. 

The  supply  of  water  in  the  reservoirs  to  be  obtained  by  galleries,  cut 
as  far  as  possible  in  the  sand-stone  stratum.  The  water  to  be  pumped 
from  the  reservoirs  by  steam-engines  and  conveyed  through  iron  pipes 
to  the  different  quarters.  The  reservoirs  to  be  covered  over  by  the  en- 
gine rooms,  and  other  buildings,  to  prevent  evaporation,  and  to  preserve 
the  water  pure." 

The  patient,  however,  who  was  complaining  not  of  having  too  much 
but  too  little  water  in  his  system,  declared  his  symptoms  were  not  dropsi- 
cal, and  accordingly  refused  to  undergo  the  operation  of  tapping  on  such  a 
large  scale,  so  that  the  scheme,  in  spite  of  its  ingenuity,  fell  to  the  ground. 

On  account  of  this  obstinacy  on  the  patient's  part,  the  Government  got 
into  a  more  nervous  and  fidgetty  state  than  ever,  and,  having  apparently 
determined  that  the  whole  responsibility  should  not  rest  with  them,  they 
passed  a  Resolution  on  the  24th  September,  1845,  directing  the  attention 
of  the  Court  of  Petty  Sessions  to  the  subject,  and  requesting  them  to 
consider  the  "  measures  to  be  taken  for  husbanding  the  supply  of  water, 
and  for  keeping  it  pure  and  wholesome." 

The  nostrum  of  the  Court  of  Petty  Sessions  was  an  exceedingly  mild 
one.    They  recommended  that,  in  order  to  prevent  waste,  the  tanks  in 
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^  town  Bhould  be  guarded  by  peons ;  that  a  solitary  spring,  which  there 
was  at  the  Cooperage,  should  be  '  reported'  on  ;  that  the  shipping  should 
be  made  to  water  at  Elephanta  or  Salsette;  and,  of  all  things  in  the 
world,  that  the  QoTemment  should  issue  a  Proclamation,  which  was  prac- 
tically to  the  effect,  that  the  people  should  not  drink  more  water  than  was 
good  for  them,  and  that  they  were  not  to  spill  more  in  the  act  of  drink- 
ing, than  they  could  possibly  help.  The  people  were  to  be  allowed  to 
carry  away  as  much  as  they  chose,  but,  having  got  it  into  their  houses, 
they  were  to  take  great  care  of  it.  The  Government  of  those  days  must 
have  had  wonderful  faith  in  human  nature,  if  they  supposed  that  a  man, 
having  taken  the  trouble  to  convey  a  certain  quantity  of  water  to  his 
house,  would  be  influenced  in  his  use  of  it  away  from  the  surveillance  of  the 
outer  world,  and  by  a  Proclamation ! 

However,  this  advice  to  the  patient  not  to  drink  more  than  was  good 
for  him,  while  all  the  time  he  was  dying  of  thirst,  was  of  no  use.  In 
spite  of  the  Proclamation,  he  still  cried  out  for  water,  and  the  au- 
thorities seem  to  have  considered  the  cry  not  an  unreasonable  one,  for, 
on  the  21st  March,  1846,  the  Civil  Architect  of  the  Presidency,  Capt. 
T.  M.  B.  Turner,  of  the  Engineers,  acting  under  the  instructions  of 
the  Chief  Engineer,  submitted  a  new  project.  This  was  to  intercept 
the  rain  falling — Ist,  on  a  portion  of  that  side  of  Malabar  Hill  which 
faces  Back  Bay ;  2nd,  on  the  hill  near  that  on  which  the  Parsee  Tower  of 
Silence  stands ;  and  Srd,  on  some  ground  lyin^  directly  north  of  the 
Gwalia  Tank,  vide  Plate  XIII.  Having  intercepted  the  rain,  Capt.  Turner 
proposed  to  lead  it  into  a  reservoir  400  feet  square  to  be  built  close  to 
the  Qwalia  Tank.  The  total  supply  calculated  to  be  obtained  from  this 
project,  which  was  probably  intended  for  only  a  portion  of  the  town,  waa 
29,000,000  gallons,  or,  as  Capt.  Turner  put  it,  sufficient  at  the  rate  of 
E,Ye  gallons  a  day  for  62,222  people  during  90  days. 

But  this  proved  of  no  use.  The  attraction  of  five  gallons  per  head  per 
diem  was  not  enough  to  reconcile  the  patient  to  a  sudden  death  after  three 
months.  In  fact,  the  prospect  of  a  short  life,  and  a  merry  one  did  not  suit 
him  at  all,  for  he  cried  out  louder  than  ever,  and  so  the  crisis  continued. 

There  now  steps  on  the  scene  a  man  who  took  a  very  different  view  of 
the  state  of  things,  and  who  not  only  understood  the  alarming  nature  of 
the  patient's  case,  but  made  a  proposition  which  ultimately  grew  into  the 
present  water-supply  of  Bombay. 
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Captain  (afterwards)  Colonel  J.  H.  G.  Crawford,  of  the  Engineers, 
leaving  the  wells  and  tanks  in  the  town  to  take  care  of  themselves,  pro- 
ceeded out  of  the  Island,  and,  following  the  course  of  the  stream  which 
formerly  took  its  rise  near  the  village  of  Vehar,  proposed  to  intercept  it 
at  a  point  not  far  from  Koorla.  Here  the  water  was  to  be  pumped  op, 
and  brought  under  pressure  into  Bombay  by  iron  pipes.  The  dam  was 
not  to  be  built  to  retain  any  large  quantity  of  water,  but  merely  to 
give  sufficient  depth  to  pump  from.  This  supply  every  year  could  of 
oourse  last  so  long  only  as  the  stream  continued  to  flow,  or  from  the 
setting  in  of  the  monsoon,  up  to  about  December.  For  the  supply  of  the 
town  during  the  other  months,  a  series  of  reservoirs  were  to  be  formed 
along  the  course  of  ,the  stream  above  the  dam,  and,  as  the  stream  dried 
up,  the  water  in  these  reservoirs  was  to  be  led  down  to  the  lowest  one, 
where  the  pumps  were  to  be  placed. 

An  alternative  scheme  suggested  by  him,  was  to  drain  the  Eoorla  valley 
by  a  system  of  underground  channels  to  the  point  where  the  water  was  to 
be  pumped  up.     He  said : — 

*^  Suppose  a  valley,  as  in  the  accompanying  rough  sketch ;  the  nature 
of  the  soil  being  what  I  imagine  it,  I  should  sink  a  shaft  (A)  at  the 
lowest  point  whence  I  wish  to  draw  my  water — ^in  the  present  instance  it 
would  probably  be  15  or  20  feet  deep.     I  should  run  an  open  drain  (AB) 


2|  wide,  and  as  deep  as  circnmstances  would  admit  of,  with  a  slight  slope 
downwards  towards  A,  building  up  the  sides  if  necessary,  and  covering 
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fSt^  sarface  wtth  flagstones  and  earth ;  and  at  certain  distances,  I  wonld 
lA  like  manner  open  the  shorter  cross  drains  (cd).  In  this  way,  looking 
at  the  bed  of  the  yalley  as  a  vast  sponge,  the  whole  would  he  thoroughly 
dramed  withoat  any  loss  from  evaporation." 

Captain  Crawford's  suggestions  eridently  attracted  considerableatten- 
tion,  for  the  Board  of  Conservancy,  to  whom  his  letter  was  submitted,  on 
the  16th  May,  1846,  called  at  once  for  further  information  on  the  subject. 
Accordingly,  we  find,  three  months  after  this  another  report,  going  into 
the  subject  in  greater  detail,  was  prepared.  He  had  in  the  meantime 
been  able  to  make  a  rough  survey  of  the  country,  and  to  take  a  few  levelS| 
so  that  he  now  had  some  specific  facts  to  work  upon.     He  wrote  :— 

'*  The  sketch,  vide  Plate  X-IY.,  exhibits  the  mouth,  and  a  small  portion 
of  the  course  of  the  nullah,  which  takes  its  rise  in  the  range  of  hills  near  the 
Tillage  of  Yehar,  in  Salsette,  and  empties  itself  into  the  sea  at  the  village 
of  Koorla.  The  portion  here  represented  flows  through  a  nearly  level 
country,  partly  waste  ground,  covered  with  trees  and  low  jungle,  and  partly 
of  rice  cultivation.  The  bed  of  the  nullah  consists  of  rock  and  shingle, 
whilst  the  banks — which  are  8,  10  and  12  feet  high— are  in  places  nearly 
perpendicular,  and  consist  principally  of  earth.  Across  the  mouth  of  the 
nullah,  and  just  above  high-water  mark  (BC),  there  is  a  natural  bund  of 
rock,  which  extends  into  the  country  on  both  sides  of  the  nullah,  and  a 
little  higher  up,  there  is  another  of  the  same  description.  The  hill  D  is 
70  feet  above  high  water-mark ;  it  is  almost  a  solid  rock,  and  conveniently 

situated  for  any  works  requisite  for  establishing  a  head  of  water. 

•  •  *  *  # 

**  l^e  nullah  continues  to  flow  until  the  end  of  December.  By  erect- 
ing an  engine  at  a  favorable  point  for  pumping,  and  laying  a  main  of 
pipes  to  Bombay,  there  is  no  doubt  that  a  considerable  body  of  fresh 
water  might  be  led  into  the  town,  and,  taking  advantage  of  the  favorable 
natural  formation,  at  the  mouth  of  the  nullah,  and  throwing  a  bund  across 
at  that  point,  the  top  of  which  might  be  at  least  20  feet  above  the  point 
A,  the  supply  of  water  would  be  much  increased  at  a  comparatively  small 
eost. 

•  *  *  *  * 

<<  I  shall,  however,  proceed  to  show  what  would  be  (as  near  as  I  can 
at  present  ascertain)  the  first  cost  of  the  necessary  works.  These  wonld 
eonaist  of  a  bund  at  BC ;  providing  a  suitable  engine  and  engine-house ; 
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building  np  the  sides  of  the  reserroir  on  the  top  of  D  for  procuring  a 
head  of  water ;  and  laying  down  a  main  of  pipes  from  Koorla  to  Bombay. 

"  The  hill  D  is  70  to  S6  feet  above  the  point  A,  or  high  water-mark ;  on 
the  top  of  this  hill  an  extra  10  feet  might  easily  be  obtained  in  building  a 
reservoir  without  any  very  extra  heavy  cost,  thus  giving  a  total  of  80  feet. 
I  suppose,  on  the  average,  that  the  water  is  to  be  delivered  at  a  height 
of  20  feet  above  high-water  mark  in  Bombay,  which  would,  I  think,  be 
more  than  sufficient  to  reach  all  the  public  tanks.  This  will  leave  a 
height  of  60  feet  for  a  head  of  water  upon  which  to  calculate  the  dis- 
charge. I  assume  the  length  of  pipe  to  be  laid  down  at  about  10  miles, 
its  diameter  14  inches.  These  conditions,  with  a  head  of  water  of  60 
feet,  would  give  a  discharge  of  6,992,542  cubic  feet,  or  43,575  gallons 
per  hour,  without  making  deductions  for  angles  in  laying  down  the  pipe, 
which  need  be  neither  great  nor  sudden. 

"  For  raising  this  body  of  water  to  a  height  of  80  feet,  an  engine  of 
176  horse-power  would  be  required." 

The  following  is  an  abstract  of  the  Estimate  :  — 

18  miles  of  14-iiich  pipe, 3G,023 

Engine,  cost  of  erecting  ditto.  Engine  Ilonsc  and  Residence 

for  Engineer,     13,900 

Dam  (at  BC  in  sketch), ,•,        ...  1,700 

Kesenroir  (at  D), 440 

Total,        ...  62,003 
Or  over  five  lakhs  of  rupees. 

The  alarming  symptoms  which  the  patient  exhibited  in  1845  and  1846, 
must  have  temporarily  subsided,  for  nothing  of  importance  seems  to  have 
been  done  in  1847.  In  1848,  however,  the  symptoms  revived,  and  we 
accordingly  find  the  public  mind  again  in  a  ferment.  In  the  month  of 
May,  the  Chief  Engineer,  Lieut.- Colonel  George  Jervis,  resuscitated  his 
scheme  of  tapping  the  water-bearing  strata  in  the  island,  but,  before  carry- 
ing it  out  on  a  large  scale,  he  proposed  : — 

*^  That  Government  be  solicited  to  sanction  the  construction,  in  some 
convenient  site  on  the  northern  boundary  of  the  Esplanade,  of  a  circular 
cut-stone  well  or  reservoir,  with  one  or  two  tunnels  cut  into  the  sandstone 
formation  of  the  Esplanade  as  feeders  to  the  reservoir,  100  yards  in  length, 
6  feet  broad,  and  15  feet  deep,  or  more  if  practicable;  the  tunnels  to  be 
filled  to  within  6  feet  of  the  surface  with  loose  rubble  stone,  with  a  cover- 
ing of  rough  stone  slabs,  levelled  to  the  surface,  with  the  soil  excavated." 
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This  idea  did  not  take  root  in  the  public  mind,  for  nothing  came  of  the 
proposition,  althongh,  as  we  shall  subsequently  find,  it  was  again  taken 
up,  and  worked  ont  by  another  Engineer.  On  the  other  hand,  we  find 
Capt.  Crawford's  project  rapidly  assuming  a  definite  shape.  He  was  too 
able  a  man  not  to  see  the  great  flaw  in  his  previous  schemes,  and  he  was 
not  long  in  rectifying  it.  Accordingly,  in  his  next  report,  submitted  in 
Angnst  1850,  instead  of  advocating  the  raising  of  the  water  near  Koorla 
by  mechanical  contrivances  to  the  height  of  80  feet,  he  considered  it  would 
be  better,  in  order  to  avoid  the  cost  of  pumping,  to  go  higher  up  the 
stream,  and  to  build  his  dam  at  a  point  80  feet  above  the  level  of  the 
bnnd  he  first  proposed.*  If  after  a  time  the  supply  did  not  prove  suffici- 
ent, he  recommended  that  the  construction  of  a  series  of  bunds  still  higher 
up  the  stream  should  be  undertaken,  and,  if  even  this  failed  to  meet  the 
demands  of  the  town,  then  that  the  water  in  the  lower  part  of  the  valley 
should  be  utilized  by  the  help  of  pumps. 

And  now  we  find  associated  with  the  originator  of  the  present  water- 
supply  of  Bombay,  another  able  man  to  whom  Captain  Crawford  entrust- 
ed the  working  out  of  his  ideas.  So  satisfactory  indeed  was  the  manner  in 
Lieut,  (now  General)  De  Lisle  prepared  the  scheme,  that  not  only  did 
Colonel  Crawford  speak  of  him  in  high  terms,  but,  finding  his  own  ori- 
ginal idea  open  to  objection,  he  at  once  and  finally  abandoned  the  plan 
of  pnmping  the  water  at  Koorla. 

It  is  in  Lieut.  De  Lisle^s  Report,  submitted  so  far  back  as  March  1851, 
that  we  first  meet  the  proposition  distinctly  put  forward,  to  construct  a 
reservoir  at  Vehar.  The  accompanying  plans,  vide  Plates  XV.,  and  XVI., 
which  are  copies  of  portions  of  two  of  those  submitted  with  his  Report, 
etnnot  fail  to  convince  the  reader  that  the  present  works  are  merely 
the  embodiment  of  Captain  Crawford's  ideas.  Here  we  have  the  lake 
not  covering  exactly  the  area  occupied  by  the  present  one,  but  covering 
the  greater  portion  of  it.  Here  we  have  the  dam  not  precisely  in  the 
position  of  the  present  main  dam,  but  close  to  it.  And  here  we  have  the 
line  of  iron  pipes,  connecting  the  lake  with  the  town. 

Lient.  De  Lisle's  resenroir  with  a  dam  about  50  feet  high,  was  to  impound 

in  round  numbers  1,000,000,000  gallons,  and  he  proposed,  in  the  event  of 

this  supply  not  proving  sufficient,  to  raise  the  dam  ten  feet  higher,  and 

thus  to  obtain  double  the  above  quantity.     He  assumed  a  yearly  ram- fall 

*  Tlie  leader  wmobeeiTe  tut  we  are  rapidly  adTioiciog  to  the  Yeluff 
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of  76  inches,  of  which  16  inches  wonld  be  lost  by  eyaporation,  absorption, 
&c,  and  of  which  the  remaining  60  inches  wonld  be  available  over  an 
extent  of  gathering  ground  of  seven  square  miles.  On  these  data  the 
quantity  of  water  flowing  into,  and  falling  on  the  lake,  would  amount  to 
6,000,000,000  gallons,  or  six  times  the  quantity  required  to  be  impound- 
ed by  the  50-feet  dam.  The  water  was  to  be  brought  into  the  town  under 
pressure  by  a  cast-iron  pipe  24  inches  in  diameter,  and  14^  miles  long. 
The  cost  of  the  works  was  calculated  thus : 

Pipes, 102,080 

Dam,  Waste  Weir,  Delivery  Keservoir,  and  Condaits,      ...  15,000 

Contingencies,  &c,      2,920 


Total,    ...        120,000 
Or  twelve  lakhs  of  rupees. 

In  a  Resolution  passed  on  the  26th  April,  1851,  the  Government  thank- 
ed Captain  Crawford  and  Lieut.  De  Lisle  in  handsome  terms  for  their 
labors,  but  called  for  more  information  on  certain  points. 

We  now  take  a  further  step.  Another  man  comes  on  the  scene,  who 
appears  to  have  succeeded  Captain  Crawford  in  the  anomalous  appointment 
of  Superintendent  of  Repairs^  the  duties  of  which  in  some  extraordinary 
way,  seem  to  have  been  the  investigation  of  original  projects,  Lieut, 
De  Lisle's  papers  were  forwarded  to  Mr.  Henry  Conybeare  for  report^ 
who,  in  December  1852,  submitted  a  carefully  prepared  memorandum 
on  the  subject.  Although  admitting  that  Lieut.  De  Lisle's  surveys  had 
demonstrated  the  practicability  of  ponding  up  in  the  Vehar  valley  a  body 
of  water  apparently  sufficient  for  the  supply  of  Bombay,  at  the  rate  of  20 
gallons  per  head  per  diem,  he  was  of  opinion  that,  owing  to  the  prelimi- 
nary nature  of  these  surveys,  no  sufficient  data  existed  for  determining 
the  cost  at  which  the  supply  could  be  made  available  to  the  town.  He 
recommended  that  accurate  surveys  should  be  made,  but  at  the  same  time 
he  pat  forth  a  scheme  of  his  own,  which  the  reader  will  recognise  as  sim- 
ilar in  its  main  idea  to  that  suggested  years  before  by  Colonel  Jervis. 

Mr.  Conybeare  was  of  opinion  that,  water  obtained  from  surface  col- 
lection being  unfit  for  drinking  until  filtered,  the  springs  in  the  littoral 
concrete  formation  in  the  Island  should  be  made  available  to  the  town. 
He  proposed  that  wells  should  be  built  in  the  water-bearing  strata,  and, 
that  these  wella  should  be  connected  by  iron  pipes  with  large  reservoirs 
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to  be  made  in  the  solid  trap  underlying  the  superficial  deposits.  He 
thought  that  these  reserroirs  would  be  kept  filled  with  water  running  in 
a  constant  stream  from  the  wells.  The  iron  pipes  were  to  act  as  syphons. 
All  that  would  be  required  would  be  to  start  the  syphons  by  first  closing 
the  two  ends,  then  filling  the  pipes  with  water,  and  then  opening  the  ends 
again.  The  accompanying  sketch,  vide  Plate  XVII.,  which  is  copied  from 
some  of  the  plans  submitted  with  his  Report,  will  illustrate  the  project. 
Mr.  Conybeare  proposed,  moreover,  that  many  of  the  tanks  and  reservoirs, 
should  be  roofed  over,  and  that  they  should  be  supplied  with  water  from 
filtering  wells.  The  sides  of  these  wells  were  to  be  ^'  double  walls  two  feet 
thick,  and  four  feet  apart,  built  of  a  porous  sand  stone,  and  enclosing 
between  ihem  a  thickness  of  four  feet  of  fine  sand,  the  whole  forming  a 
filter  eight  feet  thick.'*  Besides  the  supply  to  be  obtained  from  the  littoral 
concrete  ih  the  Island  of  Bombay,  Mr.  Conybeare  also  suggested  that  the 
spring-bearing  strata  in  Salsette,  should  be  thoroughly  examined  before 
recourse  was  had  to  surface  collection. 

Fortunately  this  old  idea  was  not  carried  out.  The  Board  of  Conser« 
Taney,  in  forwarding  Mr.  Conybeare's  Report  to  Goyemment,  took  an  alto* 
gether  different  view  of  the  subject.  They  expressed  doubts  as  to  whether 
a  sufficient  quantity  of  water  could  be  obtained  in  the  Island  in  the  man* 
ner  proposed  by  him,  and  they  added  that  even  if  it  could  be  so  obtained, 
it  would  require  to  be  sent  into  the  town  at  great  expense  and  from 
many  sources.  They  were  of  opinion  also  that  none  of  the  water  in  the 
pnblic  tanks  excepting  only  one  *^  could  be  considered  wholesome — that 
they  were  all  more  or  less  filled  by  drainage,  at  the  best  of  times  impure, 
and  subject  to  the  taint  of  a  large  town.*'  They  pointed  out,  more- 
over, that  late  in  the  season,  the  quantity  of  water  in  many  wells  was 
not  a  quarter  of  what  it  was  at  the  beginning,  and  that  Mr.  Conybeare 
had  made  a  mistake  in  supposing  that  so  many  wells  were  available  to 
the  public,  the  fact  being  that  a  great  number  of  those  which  he  had 
mentioned  for  use  were  private  property.  Regarding  the  proposition 
that  the  spring-bearing  capabilities  of  Salsette  should  be  investigated,  the 
Board  said  that,  "  any  water  which  might  bQ  derived  from  springs  would 
be  found  to  be,  if  not  below  high-water  mark,  at  so  low  a  level,  that  the 
water  would  require  to  be  forced  up  by  machinery."  They  were  "  of 
opinion  that  a  great  additional  supply  of  water  was  required  for  the 
health  and  comfort  of  the  inhabitants,  and  that  such  supply  could  be  best 
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He  also  discussed  the  question  of  earthen  and  masonry  dams,  and 
decided  for  the  former,  chieflj  on  the  consideration  of  cost.* 

For  the  escape  of  the  surplus  water,  he  proposed  a  waste  weir  840  feet 
long,  situated  alongside  of  the  main  dam  (the  site  of  the  present  weir), 
vide  Plate  XXI.  The  water  was  to  be  delivered  bj  cast-iron  pipes  under 
pressure  from  Vehar,  and  the  size  of  the  main  he  proposed  was  48  inches 
in  diameter. 

Mr.  Conjbeare  recommended  that  the  water  should  be  filtered,  and  the 
accompanying  sketch,  vide  Plate  XIX.,  with  the  following  description  of 
the  filter,  taken  from  his  report,  will  explain  the  subject  clearly  :— 

**  The  arrangement  I  propose ...consists  of  a  filtering  tower  50 

feet  diameter  inside,  rising  from  the  foot  of  the  inner  slope  of  the  dam,  to 
the  same  height  as  the  latter.  It  will  be  built  of  a  highly  porous  littoral 
concrete,  found  along  the  west  coast  of  the  Island  of  Bombay  and  Bal*- 
sette,  and  at  many  other  localities  along  the  Malabar  coast.  At  interrals 
of  six  feet  there  will  be  bond  courses  of  Porebundcr  stone  parement  in  two 
thicknesses,  breaking  joint  with  each  other.  The  floor  of  the  tower  will  be 
paved  with  stone,  and  thence  the  main  conduit  pipe  will  take  its  course, 
its  inlet  being  closed  at  will  by  a  single  sluice.  Directly  this  sluice  is 
opened,  the  level  of  the  water  in  the  tower  will  sink,  till  the  pressure  is 
sufficient  to  force  the  water  through  the  porous  sides  of  the  tower.  I  cal- 
culate that  two  or  three  feet  diflference  of  level  will  be  sufficient  for  the 
purpose."  f 

Forming  part  of  Mr.  Conybeare's  Project  was  a  Distribution  Scheme 
for  carrying  the  water  by  iron  pipes  to  nearly  all  parts  of  the  town.  In 
most  of  the  districts,  the  delivery  was  to  be  on  the  "  constant  service" 
system,  with  all  the  modem  conveniences  of  fire-plugs,  stand-pipes,  &c. 
The  out-lying'  villages  were  to  be  supplied  by  means  of  draw  wells  kept 
constantly  full  by  small  stoneware  pipes  or  masonry  conduits,  in  which  the 
water  was  to  be  admitted  from  time  to  time  through  sluices  in  the  main 
pipe  so  arranged  as  to  deliver  the  water  without  pressure.  Mahaluxmer, 
Malabar  Hill,  and  Walkeshwar  were  to  be  supplied  on  the  '*  intermittent 
system"  during  the  night. 

•  Thb  sabjaet  la  folly  treated  of  in  No.  LXVITI.,  FrofeBsioiial  Papers  on  Indian  Engineerin^f 
Beoood  Series,  by  the  present  writer. 

t  It  is  fortunate  that  this  plan  was  not  carried  ont,  for  it  is  perfectly  certain  that  a  filter  con- 
■traofead  on  these  principles  would  haTe  stopped  working  in  a  yery  short  time  from  the  poros  of  the 
■iQBa  becoming  choked  np.  Bvsry  one  who  has  need  self-flltering  goglets  made  of  porons  stone, 
knows  how  admirably  th^  answer  at  fint,  bat  how  woo  thsj  lose  aU  power  to  flltsr  the  water. 
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The  cost  of  the  works  was  estimated  as  follows : — 

£ 

Dams  and  Waste  Weir, .         17,411 

Catchwater  channel  for  extending  the  area  of  the  gathering 

ground,           •••        ...        •••        •••        •••        •••        •••  5,000 

Piltera  and  othar  Works  at  Beservoir,          4,303 

Main  Pipe,         • 159,820 

Town  and  Village  distribntiony          48,178 

234,206 
Contingencies  at  5  per  cent,       •••        11,710 

Total,        ...      245,916 

After  Mr.  Conybeare's  project  had  been  prepared,  it  was  submitted  to 
Captain  (now  Major)  Crawford,  and  he,  on  the  20th  April,  1855,  gave 
his  general  approval  to  the  proposed  works.  Mr.  Conybeare  was  then 
despatched  by  the  Government,  to  England,  where  the  design  for  the 
Oatlet  Works  were  altered,  and  some  "modifications,  were  made  in  the 
plans.  The  pipes  were  selected,  and  sent  out  under  his  directions.  He 
never  returned  to  India  again.  The  contract  was  drawn  out  in  England 
by  the  Hon'ble  the  Court  of  Directors,  and  was  given  by  them  to  Messrs. 
Bray,  Son,  and  Champney,  of  Leeds.  Mr.  Walker  was  appointed  Resi- 
dent Engineer,  and  Mr.  Conybeare  was  made  the  referee  for  all  disputes 
between  the  Government  and  the  Contractors. 

We  now  pass  from  the  region  of  discussion  to  that  of  action.  The 
Yehar  project  from  an  idea  grows  into  a  fact.  It  is  necessary  that  I 
should  describe  the  works  as  they  were  carried  out. 

The  Vehar  Lake,  vide  Plates  XVIII.  and  XX.,  covering  an  area  of 
about  1,400  acres,  and  with  a  gathering  ground,  exclusive  of  the  area  of 
the  water  surface,  of  about  2,550  acres,  is  formed  by  three  dams.  Two 
of  these  were  rendered  necessary  to  prevent  the  water  escaping  over 
ridges  on  the  margin  of  the  basin,  which  were  lower  in  level  than 
the  top  of  the  main  dam.  The  quantity  of  water  supplied  yearly  bj 
the  reservoir  falls  considerably  short  of  Mr.  Conybeare's  estimates,*  and 

*  No  Mame  shonld  be  attacbed  to  Mr.  Ckmybeare  for  this.  The  yearlj  rain-fttU  a*  Yehar  wm 
imkBowii,  and  all  be  could  do  wai  to  approximate  to  it  from  tbe  only  data  at  haad— Tis.,  the  ial»« 
fan  at  Bombay  and  that  at  TaDinh.  It  is  remarkable  that  althongh  moat  people  Iwonld  hara 
argued  aa  Mr.  Conybeare  did,  and  condaded  that  the  rain-fall  on  a  height  like  the  Yehar  YaUej 
wonld  have  exceeded  that  at  Tannah,  still  this  is  not  tbe  ease.  Mr.  Conybeare,  althoagb  of  the 
abore  opinioB,  yet,  to  be  on  the  safe  side,  took,  as  already  mentioned,  100  inches  as  the  arerag* 
raln-faU  at  Yehar,  IM  inches  behig  that  at  Tannah.  Bven  this  moderate  quantity  is  probably 
abora  the  actual  one— 90  iiif.flei  M  waU  as  I  can  make  it  out  from  the  records.  The  laaorda,  tlMwghy 
are  imraUabla. 
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wXa  tbe  dams  are  pitched  with  stone.     No.  2  Dam  has  a  top  width  of  20 
feet,  and  No.  3  Dam  had  the  same  width  when  constructed.     Bat  in  con- 

eeqaence  of  the  repairs  carried  out  in  1871  to  stop  the  leaks  discoTered 

in  this  work,  the  form  of  No.  3  Dam  has  been  altogether  changed,  as 

will  be  seen  by  reference  to  J^ate  XXII.* 

The  following  is  a  Table  of  the  quantities  of  the  different  kinds  of  work 

in  the  three  dams,  as  calculated  by  Mr.  Conybeare : — f 


Dams. 

Til.  t^_n,.-j.    Extreme 
^«^^'     thJtop. 

Enrtb- 
work. 

Paddle. 

Total 
Earthwork 
L  paddle. 

Broken 

fltonea 

ander 

pitching. 

Roagh 

gtone 

pitching. 

Na  1, 

»    2, 

n     8, 

feet 
84 
42 
49 

feet^ 
835 
555 
936 

c.feet. 
255,706 

43,617 
106,743 

cfeet. 
30,910 
10,332 
14,717 

c-feet. 
286,616 

53,949 
121,460 

c.feet. 
997 
327 
659 

8.  feet 

26,993 

8,827 

17,797 

Total, 

... 

••• 

406,066 

55,959 

462,025 

1,983 

53,617 

The  arrangements  for  drawing  off  the  water  from  the  lake,  are  as  fol- 
lows^ : — The  water  is  first  strained  through  sheets  of  extremely  fine  copper 
gauze  fixed  to  cages  placed  over  the  mouths  of  large  pipes  which  pass  into 
a  masonry  tower.  In  the  bottom  of  this  tower  is  fixed  the  mouth  of  the 
outlet  pipe  (41  inches  in  diameter)  which  passes  under  the  dam,  and  con- 
dacts  the  water  to  Bombay.  Two  strainers  are  ordinarily  sufficient  to 
supply  the  tower  with  water  as  fast  as  it  is  drawn  off  by  the  outlet  pipe 
and,  as  the  purity  of  the  water  in  the  lake  is  in  proportion  to  its  nearness 
to  the  surface,  the  upper  pipes  are  those  always  in  use,  the  lower  ones 
being  kept  closed  with  iron  plugs.  § 

•  In  the  working  drawings,  the  main  dam  la  shown  as  completed  to  ahont  eleven  fset,  while  It 
BOW  stands  aboat  six  and  a  half  in  the  middle,  and  seren  feet  on  the  sides,  above  the  weir.  If  fho 
drawings  are  reliable,  it  follows  that  the  dam  has  settled  down  from  4  to  4|  feet.  I  can  give  no  in- 
fbrmafcion  reiiarding  Nos.  S  and  3  Dants,  as  these  works  have  andergone  repairs,  and  it  is  impossi- 
ble now  to  say  what  their  heights  prevloas  to  the  repairs  were^ 

t  Vid4  his  paper  on  tho  **  Bombay  Water  Works,'*  Yol.  ZYII.,  Proceedings  of  the  Institatioii  of 
OiTil  Sngineers. 

t  Tide  Plate  ZYIII.  of  Yol.  I.,  Profeesional  Papen  on  Indian  Engineering,  Second  Series,  No,. 
XXY. 

I  In  18M  the  lowest  inlet  was  kept  open.  The  water  from  the  bottom  of  the  lake  prored  to  be  of 
a  reddish  brown  color,  and  great  complaints  were  made  of  its  onwholesomeness.  Some  time  after 
its  delivery  in  the  town,  cholera  broke  oat  in  varions  parts,  and  when  the  caose  was  sospected,  and 
the  lower  inlet  oloaed,  the  epidemic  at  once  disappeared. 

Thote  who  wm  in  Boabay  in  AprU  «nd  May,  1871,  wlU  remo&ber  ft  raddm  dlMlonft^ 
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The  outlet  pipe  (1}  inches  thick)  under  the  embankment  rests  on  a 
firm  foundation  of  rock  or  masonry ,  but,  over  it,  I  am  told,  there  is  only 
puddle.  On  issuing  from  the  dam  it  bifurcates  into  two  branches,  each 
82  inches  in  diameter,  and  on  each  branch  is  a  sluice  worked  by  a  capstan 
arrangement.  One  branch  goes  on  to  Bombay,  while  the  other  stopi 
with  an  open  mouth  about  200  yards  from  the  sluice.  The  latter  was 
intended  for  another  main,  when  it  became  necessary  to  extend  the  water 
works.* 

The  line  of  pipes  to  the  town  is  14  miles  long,  and,  excepting  where  it 
crosses  streams,  is  placed  under  ground  a  few  feet  from  the  surface.  The 
action  of  the  earth  on  the  metal  tends  to  corrode  the  pipes  very  much. 
Layers  of  the  oxide  of  iron  three-eighths  of  an  inch  thick  may  often  be 
removed  from  the  surface.f     The  pipes  are  each  12  feet  long,   of  the 

brown  tint  of  the  Vehar  water  aappliod  to  the  town  in  those  months.  Ab  the  Department  waa  en* 
gaged  at  the  time  in  repairing  some  of  the  strainers,  I  was  under  the  impression  that  the  discolon^ 
tioD  aroee  from  unstrained  water  passing  through  the  upper  pipes ;  but,  as  the  discoloratioB 
continued  even  after  the  repaired  strainers  had  been  put  down  again,  I  was  quite  at  a  loss  to  aooomift 
for  the  fact.  Remembering,  howeyer,  what  took  place  before,  it  occurred  to  me  that  water  waa  pn^ 
bably  being  drawn  off  from  too  low  a  lercL  On  inquiry,  I  found  that  three  inlets  were  open.  I 
oloeed  the  mouth  of  the  lowest  one,  and,  in  a  few  hours,  the  water  in  the  town  resumed  its  QBoal 
transparency.  It  is  quite  clear,  therefore,  that  the  lower  the  water  from  the  surface  of  the  lake,  tliA 
mare  impure  it  if,  and  that,  for  the  proper  supply  of  the  town,  the  water  near  the  surface  on^  Bhoold 
be  used. 

It  will  bo  seen  further  on  (page  188)  that  this  statement  is  contradicted  by  my  friend  Dr.  Lyon's 
nnalysla.  I  beliere,  howeyer,  that  he  is  not  himaelf  satlaftcd  that  an  analysis  of  the  water  taken  In 
the  dry  months  would  be  the  same  in  character,  aa  that  which  he  has  made  of  the  water  in  the  i 


*  The  present  sense  of  the  Bombay  community  seems  to  be  that  the  town  should  not  be  dependeab 
on  the  Vehar  lake  alone  for  its  supply,  so  that  this  branch  line  will  probably  never  be  laid  down. 
It  would  be  nselcss  to  do  so  withoot  bringing  more  water  into  the  lake  from  the  Toolaee  gathering 
groond,  aa  the  quantity  of  water  now  used  yearly  in  Bombay  is  almost  exactly  that  which  the  preaent 
gathering  ground  affords.  The  lake  has  overflowed  only  three  times  in  thirteen  years  —twice  to  an 
iniignifloant— but  once  (1861)  to  a  considerable  extent.  This  overflow,  though,  was  due  to  the  fad 
tiiat  the  distributory  system  in  the  town  was  at  that  time  incomplete,  and  that  much  leM  water  than 
the  present  quantity  was  being  drawn  off.  Practically,  all  the  water  that  has  ever  fallen  on  the 
gathering  ground  has  been  collected.  The  idea  which  has  been  put  fonfvard  from  time  to  time  in  tb» 
local  newspapers,  that  more  water  might  be  obtained  by  a  better  system  of  distribution,  is  not 
correct.  Aa  all  the  rain  which  falls  on  the  gathering  ground  is  collected,  and  as,  practically,  non* 
goea  to  waste  over  the  weir,  we  must  be  using  all  we  gather.  If  we  were  not,  the  surface  of  the  lak* 
wonld  steadily  rise  year  after  year.  But  it  docs  not.  On  the  contrary,  it  keeps  at  one  average  level, 
or,  if  anything,  it  haa  a  tendency  to  fall.  At  this  present  moment  (April  1872),  it  is  lower  than  it 
bM  orer  been  in  this  month  since  the  construction  of  the  lake. 

t  Occasionally,  pipes  are  taken  up  in  the  town  reduced  to  a  state  of  graphite.  The  iron  can  bo 
ont  liko  tbe  softest  lead  pencil  with  an  ordinary  penknife.  This  state  of  things  is  no  doubt  dae  to 
the  action  of  saline  matter  on  the  metal.  Some  of  the  soils  about  Bombay  arc  impregnated  with 
■alt.  This  is  one  among  other  reasons  why  I  advocate  that  aU  pipes  should  in  India  be  placed  abovo 
ground.  In  England  it  cannot  be  done  on  acconnt  of  the  frost..  If  this  diiUculty  could  be  got  over 
there  by  jacketing  the  i^pes,  I  am  certain  it  would  resnlt  not  only  in  their  better  preservation,  bat  in 
an  enormous  saving  of  water.  AJl  teaki  woiUd  be  immodiately  diaoomod,  and  ooiiki  thetefore,  boat 
OBoo  itopped* 


4 


PLATE   S^Ain 


PLATE  XXir. 


RIBTOBT  07  THE  WATBB-SUPPLT  OF  BOHBAT.  191 

ipigot  and  faucet  kind,  and  the  joints  are  run  in  with  lead.  The  thick- 
nesa  of  the  iron  was  intended  to  be  from  one  to  one  and  one-eighth  of  an 
inch,  but  there  are  many  pipes  not  even  three-quarters  of  an  inch  thick. 
The  consequence  is  that  we  have  nameroos  bursts  of  the  main,  when  the 
town  has  sometimes  to  go  without  water  for  hours  together.* 

The  greatest  theoretic  pressure  of  the  water  in  the  mains  is  about 
180  feet,  but  the  pressure  actually  registered  yaries  between  fifty  and  a 
hondred  and  forty  feet.  The  "  pull "  begins  at  4  o'clock  in  the  morning 
with  about  250,000  gallons  per  hour,  and  the  consumption  steadily  in- 
creases till  at  6  o'clock  it  attains  a  little  over  400,000  gallons  an  hour. 
Up  to  about  half-past  ten  there  is  no  great  yariation,  but  about  this  time 
the  consumption  imperceptibly  declines  to  a  little  under  the  aboYe  quan- 
tity. About  4  P.M.  it  begins  again  to  increase,  but  yery  slightly,  till 
half-past  fiye,  from  which  hour  it  declines  steadily  up  to  midnight,  when 
only  about  240,000  gallons  an  hour  are  used,  and  this  rate  of  consumption 
continues  till  four  in  the  morning.  To  put  it  in  other  words,  the  con- 
sumption begins  at  4  a.m.,  reaches  its  maximum  at  six,  continues  at  its 
maximum  all  day  long,  begins  to  decline  at  six  in  the  eyening,  reaches 
its  lowest  at  midnight,  and  continues  at  its  lowest  till  four  again  the 
next  morning. 

The  accompanying  plans,  vide  Plates  XXIII.  and  XXIY.,  show  the 
arrangements  of  distribution  in  the  island.  During  the  day  no  yalyes 
are  closed.  The  entire  system  of  pipes  throughout  the  island  is  open  to 
the  flow  of  the  water,  but  the  practical  effect  of  this  is,  that  those  parts 
of  the  town  close  to  the  mains  and  lying  at  a  low  leyel,  monopolize  the 
supply.  In  order  to  render  the  distribution  fair,  certain  yalyes  nre 
closed  at  night,  so  that  the  districts  far  from  the  mains  and  situated 
at  a  high  leyel  may  obtain  their  supply.  This  plan  leads  to  great 
waste.  Cocks  are  kept  open  all  night,  and  thousands  of  gallons  are 
lost  to  the  public. 

Originally  the  Vehar  water  was  exceedingly  pure,  but  I  belieye  it  has, 
during  the  last  few  years,  deteriorated  to  some  extent.  Eyen  now, 
howeyer,  I  doubt  whether  there  are  many  towns  in  England  which  can 


I  of  the  irfpet  were  shockingly  badly  oast.  Thare  li  pert  of  one  In  the  VanlcliMl  Oflloe,Bot 
■ore  than  about  |th  of  an  Inch  thick,  and  with  a  large  hole  in  It  through  which  fbr  years  a  great 
qoaatitj  of  water  tnnst  hATe  leaked.  It  was  sitoated  close  to  a  sewer,  so  that  the  water  escaped  Into 
the  teltsr,  and  did  not  make  Its  i4>pMuranoe  as  it  nsnaUy  does  on  the  snrfaoe  of  the  road. 
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boast  a  pnrer  snpply.     The  cause  of  deterioration  is  the  great  increase 

Fig.     1.  of  vegetable  matter  in  the  lake,  which  is 

filled  with  myriads  of  plants  of  a  low  form 

of  aqnatic  life,  probably  of  the  Protococ- 

CUB   class,   one   of  the    Confervaid  Algce. 

It  does   not  merely  float  on  the  sorface, 

bnt  apparently  thriyes  at  all  depths,  and 

it  consists  of  a  minute  spomle  which  is 

sometimes  as  small  as  the  point,  and  sel- 

Proioeoceyi  magnified  850  dia-  dom  larger  than  the  head  of  a  good  sized 
meters,  from  a  sketch  by  Dr.  Gray,    •    « 
of  the  Bombay  Medical  Sendee.     P'°' 

*  Vnm  my  own  obsenraitoBg,  I  am  led  to  MliefT«,  that  mlcH  ■ome  itoiM  am  taken  to  dentroy  tbeaa 
plants,  thqr  will  go  on  increeaing  to  locb  an  extent,  as  will  at  last  render  oar  water-sapply  compa- 
ratirely  impnre.  To  what  caoae  they  are  doe  it  is  perhaps  impossible  to  eay.  I  cannot  help  thinking 
kowerer  that  it  may  be  neoessaiy  In  a  hot  climate  like  India,  where  the  generation  and  increase  of 
all  forms  of  life  sre  so  rapid,  to  emp^  onr  resenroirB  at  times.  This  appears  to  me  the  most  effectoal 
way  of  destroying  the  Tegetation  which  poisons  the  water.  Under  present  circumstances  we  ooold 
BOfc  empty  the  Yehar  Lake,  hot  this  might  be  done  if  we  constracted  another  reservoir. 

It  is  remaikaUe  that  for  some  months  before  the  monsoon,  and  nnlil  it  sets  in,  the  water  In  the 
lake  is  almost  discolored  t^  these  spomles,  bnt  immediately  the  monsoon  breaks,  they  disappear  aa 
If  bjthe  wand  of  the  magician.  In  Aagnst  1871, 1  had  diflBcalty  in  procmring  eren  the  few  specl- 
mens  from  which  the  aooompanylng  sketch  was  drawn.  The  obvious  infcrenoc,  at  conrse,  is  thai 
the  influx  of  the  fresh  water  destroys  the  spomles,  bat  why  so  small  a  qoantity  of  rain  shoald  pso- 
4aoe  such  an  efftet  It  is  impossible  fbr  me  to  say. 

Begarding  the  deterioration  of  the  water  in  the  Lake,  I  should  mention  that  the  subject  has  ooca- 
pied  the  attenttoo  of  the  BxeentlTe  for  some  time  past  Dr.  Blaney,  than  whom  no  one  in  Bombaj 
tekes  a  deeper  interest  in  the  sanitary  welfare  of  the  town,  and  to  whose  intelligent  exertions  and 
dliinterestedness  the  town  owes  so  much,  made  what  might  have  proved  a  valuable  sugfrestion  soma 
time  ago,  bat  1  regret  to  add  that  there  is  little  hope  of  any  sucoess  following  its  adoption.  Doctor 
Blaney  recommended  that  the  plant  ^*AHae/Mri$  AUinastrum  "  should  be  introduced  into  the  lake. 
The  matter  was  referred  home  by  ns  for  any  Information  that  oould  be  obtained  regarding  tlM  effects 
pndnoed  by  this  plant  on  impure  water.  The  London  ^ater  Companies,  not  being  advocates  for  tha 
employment  of  the  plant,  one  of  the  very  highest  authorities  in  Bngland  was  consulted  on  the  sal^ 
Jeot.    TIm  fbUowing  is  Dr.  Franklaad's  opinion  :— 

**  In  nply  to  your  inqutries  I  have  to  say  that,  in  my  opinion,  no  beneflcial  results  would  ensue 
from  the  introduction  of  *  Anacharis '  or  any  other  plant  into  the  Reservoir  or  Lake.  Living  planta 
an  of  greA  use  in  ameliorating  veiy  fool  waters,  such  as  sewage,  but  they  have  very  little  effect  up- 
on moderately  impure  water  like  that  contained  in  the  Lake  in  question ;  moreover  the  continual  da- 
Mj  of  the  older  portions  of  the  plant  would  necessitate  the  frequent  cleaning  of  the  reservoir,  other- 
wise the  quality  of  the  water  would  become  aerioosly  deteriorated.  Filtration  throngh  sand  (ft  or  • 
fast  thick  if  possible)  is  the  most  effloient  means  of  purification  of  all  foul  water,  on  a  large  scale* 
hitherto  discovered.  It  is  desirable,  however,  that  the  filters  should  be  allowed  to  run  dry  at  loasa 
•ooe  a  week,  so  as  to  allow  the  pores  of  the  saad  to  become  filled  with  air.  Thus  filtered  and  after* 
wards  kept  in  covered  reservoirs,  the  water  of  the  Yehar  Lake  ooold  not  fall  to  be  rendered  good  and 
palatable.  I  have  read  the  memorandum  t^  the  Army  Sanitary  Commission,  which  was  enclosed, 
and  I  entirely  ooooor  in  tba  toar  reoomaundations  U  the  Commlssionera.'*— Angnst  10th,  1871. 

And  again  >- 

'*I  have  carefully  peraaed  the  oopy  of  Dr.  Thomas  Blaaey's  letter  which  yon  forwarded  tome,  and 
WhUit  I  agree  with  the  writer  that  plant  life  tends  to  parity  water,  so  long  as  the  plants  and  their 
laaw  are  allTe  and  heatthy*  yat  when  the  plants  or  their  Isavis  die  and  daci^,  a  ssrioai  poUuUon  of 
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Fig.  3.  Every  now  and  then 

the  water  delivered 
through  some  parti- 
cular pipe  becomes  ex- 
ceedingly fonl,  and, 
when  this  is  the  case, 
the  cause  generally 
turns  ont  to  be  some 
dead  animal  matter  in 
the  pipe.  Fishes  and 
eels  often  pass  into 
the  pipes,  and,  dying 
there,  poison  the 
supply.  Whether 
they  escape  in  the 
Appevance  of  one  of  the  spornles  under  a  micioecope,  fonn  of  spawn  through 
magnifying  250  diameters,  from  a  skefcch  made  by  myself,      ^t.     f    •  /I      k_ 

In  order  to  convey  clearly  to  the  reader  the  actual  size  ^^  Btramers,  and  sut)- 
oftliesponile  examined  in  the  last  case,  I  say,  it  was  about  seqnently  develop  to 
half  the  aise  of  oae  of  the  minute  dots  in  Fig,  2.  full  size  in  the  distri- 

hfiting  pipes,  or  whether  they  escape  after  development  in  the  lake 
ffarongh  crevices  in  the  tower,  I  cannot  say,  but  at  times  they  are  found  of 
•  great  size.* 


tlw  ■■noimdlnf;  medliim  takes  plsoe,  tnd  the  baUmoe  of  effect  prodaoed  Is  deterioration  of  the  wat« 
■wV—  the  latter  be  originally  exoeifliTely  polluted.  Moteorer  the  AnaeharU  grows  so  liucnrlantly  and 
apreada  from  canal  to  canal  with  sach  rai^dity  as  to  become  a  serious  nnisanoe  and  asoarce  of  oon- 
■fdevable  expense  la  the  keeping  open  of  canals  and  water-coorsea.  Its  Introdactlon  into  India  would 
^onseqaently  be  a  matter  for  grare  consideration.  Since  its  introduction  into  this  country,  I  hare 
nerer  heard  of  any  beneficial  effect  which  It  has  produced ;  on  the  other  hsnd,  the  InoonTenlenoeg 
ivbloh  it  caases  are  constantly  being  oompiained  of. 

**  I  do  not  therefore  find  anyUxing  in  Dr  Blank's  letter  which  would  cause  me  to  modify  the 
•pinion  I  hare  expiessed  in  my  former  letter."— October,  lOth,  1871. 

I  tfuMild  mention  here  that  the  diileulty  of  a  sand  ilter,  as  recommended  bj  Dr.  FranUand,  Is,  that 
In  our  case  it  entails  a  loss  of  preesure  in  the  pipes,  oonseqaently  a  smaller  delirety  of  water  in  the 
town.  If  the  Benc^  were  prepared  to  go  to  the  expense  of  pumping  the  water  on  to  a  sand  filter 
above  ttie  level  of  the  Lake,  to  which  there  Is  no  engineering  ot^ectton,  as  the  filter  could  be  easily 
oonstruded,  the  water  would  be  rendered  pure  with  no  deficiency  in  the  supply.  Or  if  the  town 
were  willing  to  do  without  filtered  water  in  the  erent  of  a  failure  of  the  monsoon,  then  the  filter 
night  be  put  just  bdow  tte  level  to  iHiich  one  year's  consumption  reduces  the  surfaces  of  the  Lake. 
Th»  loss  of  head  of  about  fifteen  feet  would  not  entail  a  great  reduction  in  the  quantity  of  water 
delifwnd  in  the  tswn,  and  praotioaily,  esoept  for  one  year  in  ten  or  twenty,  all  the  water  used  bj 
the  InhabitMiU  would  be  filtered. 

•  Fishes  have  been  found  4  ftoet  kmg,  and  13  inches  round  the  body.    Ob^  the  otbar  day  a  dead 
Ml  WM  t«fc«i  oat  gf  ft  pipe  i  iett  S  incbei  long,  and  IS  laohM  in  firth. 
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The  following  is  an  analysis  of  the  Yehar  water.*  As  the  subject  of 
its  imparitj  below  the  surface  has  attracted  much  attention,  the  analysis 
is  of  samples  taken  at  foar  dififerent  levels — at  the  surface,  and  at  fifteen, 
thirty,  and  forty-five  feet  below  the  6urface.f  The  water  might  fall  to 
the  fifteen  feet  level  in  the  month  of  May  or  June  after  a  total  failure  of 
the  monsoon  in  the  previous  year,  but  could  not  sink  to  the  thirty  feet 
level  except  after  two  consecutive  failures  of  the  monsoon. 

"  Results  of  the  Analysis  of  four  Samples  of  Vehar  Water  drawn  ZOth 

July,  1871. 
A  from  the  surface  of  the  lake. 

B  from  a  depth  of  15  feet  from  the  surface  of  the  water. 
^    »  »         3"      »  »  >f 

"*^         91  91  ^V  ••  ••  •• 


Total  solid  matter GraioB  per  gallon, 

I/)fl8  on  ignition •••  „  „ 

Chlorine,    ..•        ...        •••        ...  „  „ 

Hardness  before  boiling „  „ 

„        aicer        n        •••        ...        •••        ••• 

Ammonia  in  distillate  from  carbonate  of  soda, 
„  „  „    alkaline  permanganate, 

„  nitrates  and  nitrites,        

Total  oxygen  required  by  the  water  at  about  140°  F.  in 
presence  of  acid,  


6-46 

6-74 

6-44 

•42 

•28 

•42 

•89 

•79 

•79 

6-66 

7-00 

630 

6-60 

6-60 

5-60 

•0046 

•0042 

•0047 

•0210 

•0245 

•0231 

•0126 

•0210 

•0126 

•0210 

•0850 

•0350 

7^18 
•43 

1-09 

6-66 

5-60 
•0045 
•0248 
•0126 

•0490 


'<  Sediment  of  much  the  same  character  in  all  four  specimens — ^light 
brown  in  color  and  flocculent ;  consists  chiefly  of  vegetable  d^ris,  confervse, 
a  few  parameria  and  altenophyrina  also  present.  In  no  one  of  the  four 
samples  was  the  sediment  abundant,  but  its  quantity  was  sensibly  greater 
in  the  samples  drawn  from  the  lower  portions  of  the  Lake. 

<'  I  think  the  above  results  show  that  the  water  of  the  Lake  is  of  nearly 
uniform  quality  down  to  a  depth  of  45  feet  below  the  surface.  The  only 
important  departures  from  uniformity  are — 1st,  that  the  amount  of  oxygen 
required  by  the  water  increases  with  the  depth ;  and  2nd,  that  the  amount 

•  It  hM  been  nuule  forme  M  a  p€r$anai  ta,rot  bj  my  frte&d  Dr.  Lyon,  and  beomnse  I  ooold  noi 
obtain  theinfonnatloa  eiaewbenu  Thoae  who  attach  importanoe  to  the  good  qvuiUsy  of  oar  watar 
f  and  who  doea  not)  as  one  of  the  great  agentt,  if  not  the  principal  one  of  aU,  in  maintaining  the 
health  of  the  inhabitanta,  and  thoa  keeping  down  the  death  rata,  wiU  no  doabt  appredata  the  ralne 
of  this  aaalyria,  as  it  deeeryee  to  be  appreciated. 

t  The  eorfaMtof  the  lalM  when  the  water  waa  taken  from  It  for  analyds,  stood  at  twelTe  feet  bek^ 
high-water  mark— <. «.,  at  S60*M  on  Town  HaU  Datum. 
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of  suspended  matter  (as  noticed  chiefly  by  vegetable  debris)  also  increases 
*^th  the  depth. 

"  This  is  more  than  what  one  would  expect  from  the  conditions  to 

'^hich  water  stored  in  a  large  open  reservoir  like  the  Vehar  Lake  is 

subject.     The  first  departure  from  uniformity  of  composition  will  remedy 

Itself,  for  as  the  surface  water  is  drawn  away,  the  water  below  will  be- 

o)me  exposed  to  the  action  of  the  oxygen  of  the  air,  and  the  dissolved 

organic  matters  will  become  more  fully  oxidized  by  its  influence.     No 

apprehension  need  therefore  be  entertained  on  this  score.     The  second 

point. of  difference  between  the  deep  and  the  surface  water  may  possibly 

necessitate  the  adoption  of  some  method  of  mechanical  straining,  should 

it  ever  becQme  necessary  to  supply  Bombay  with  water  from  what  are  now 

the  lower  depths  of  the  lake.     If  this  were  done,  or  if  the  water  supplied 

were  filtered  by  the  consumer  (say  through  sand  or  sand  charcoal),  there 

need  be  no  fear  of  inferior  quality,  at  any  rate  down  to  a  depth  of  45  fbet 

below  the  surface  of  the  water  as  it  stood  on  the  dOth  July,  1871.* 

''  As  the  health  of  Bombay  so  greatly  depends  on  the  parity  of  the  Yehar 
water,  it  would  be  interesting  to  repeat  experiments,  similar  to  those  of 
which  the  results  are  stated  above,  at  some  time  during  the  hot  weathery 
t.  e.,  before  the  lake  has  become  disturbed  by  the  influence  of  the  mon- 
soon."f 

It  is  impossible  to  gainsay  the  beneficial  results  to  the  town  which 
have  followed  the  introduction  of  Yehar  water.:^  The  best  proof,  per- 
haps, of  its  superiority  to  all  other  sources  of  supply  in  the  island,  such 
as  tanks  and  wells,  lies  in  the  fact  that,  although  the  strongest  prejudices 
existed  in  the  native  mind  against  its  use,  these  prejudices  have  now  all 
disappeared,  and  the  native  who  cannot  obtain  Yehar  water  considers  he 
has  a  just  complaint  against  the  Municipality. 

Much  has  been  said  and  written  of  the  manner  in  which  the  works 
were  carried  out,  but  it  is  not  my  intention  to  enter  on  this  subject,  as  no 
practical  good  could  come^  of  it  now. 

*  Thii  would  be  down  to  the  level  of  67*5  feet  below  the  sorfaoe  of  the  lake  when  qnlte  fall.  As 
this  is  only  18  inches  above  the  month  of  the  lowest  inlet,  it  follows  that,  practicaUy,  all  the  water 
wUeh  can  by  present  arrangements  be  drawn  off,  would  be  fit  for  use. 

t  There  is  no  donbt  aboat  the  wisdom  of  this  snggestion,  for,  as  I  have  already  pointed  ont  in 
Bote  on  page  186,  a  most  marked  change  comes  over  the  lake  shortly  after  the  monsoon  sets  in. 

t  No  one  perhaps  is  more  competent  to  speak  on  this  subject  than  Dr.  Blaney,  who  has  resided  in 
Bombay  for  more  than  thirty  years— who  must  remember  the  state  of  the  town  under  its  old  and 
primitive  system  of  water-supply—and  who  knows  so  well  its  present  condition. 
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It  18  sufficient  for  me  to  state  that  the  cost  of  the  Yehar  Works,  instead 
of  being,  as  originally  estimated,  twenty-fiye  lakhs  of  rupees,  amounted 
with  interest  to  the  large  sum  of  sixty-five  and  a-half  lakhs  of  rupees. 

Let  it  be  remembered  too  that  three-fifths  (fifteen  lakhs  of  rupees)  of 
the  original  estimate  was  for  a  main  of  forty-one  inches,  and  that  the 
main  laid  down  was  thirty-two  inches  only  in  diameter.  In  spite  of  the 
reduction,  therefore,  which  ought  to  have  taken  place  in  the  largest  itenx 
of  the  estimate,  the  works  cost  more  than  two  and  a-half  times  the 
original  amount. 

The  Yehar  project  was  commenced  by  the  Government  in  the  latter 
end  of  1856 — ^the  main  dam  was  completed  in  May,  and  the  other  two 
dams  in  August,  1858;  by  October,  1859,  the  lake  was  filled  up  to  about 
9  feet  from  the  top  of  the  waste  weir — the  delivery  of  water  in  the  town 
commenced  in  March,  1860  ;  by  September  the  lake  had  risen  to  a  point 
5  feet  higher  than  that  which  it  had  reached  the  previous  year,  and  in 
July,  1861,  it  was  quite  full,  and  the  water  running  over  the  weir.  Since 
then  it  has  continued  to  fall  every  season  after  the  monsoon,  reaching  its 
lowest  level  about  June  or  July,  when  it  has  continued  to  rise  again, 
reaching  its  highest  leyel  sometimes  as  early  as  August,  sometimes  as  late 
«s  October,  but  generally  in  September. 

In  order  now  to  explain  how  the  Municipality  became  connected  with 
the  Water  Works,  and  its  position  with  regard  ta  the  Government,  I  must 
break  the  thread  of  my  narrative,  and  return  to  the  year  when  the  works 
mt  the  Lake  were  neariy  completed. 

As  the  project  was  undertaken  by  the  Government  for  the  town,  the 
Qovemment  of  course  looked  to  the  town  to  reimburse  them  not  only  for 
the  cost  of  the  works,  but  for  their  yearly  maintenance.  In  July,  1858, 
a  new  Act,  known  as  "  The  Bombay  Municipal  Act,"  was  passed,  and  in 
it  the  following  Section*  regarding  the  Water  Works  is  found : — 

**  The  Commissioners  shall  pay  to  the  Governor  in  Council  out  of  the 
Municipal  Fund,  an  annual  sum  not  less  than  one  hundred  and  seventy- 
five  thousand  rupees,  on  account  of  the  expense  which  has  been  or  may  be 
incurred  by  Goyemment  in  the  construction  of  the  works  called  the  Yehar 
Water  Works ;  and  such  annual  payment  shall  continue  to  be  made  until 
the  whole  of  the  expense  so  incurred  (except  such  portion  thereof,  if  any, 
SB  shall  be  defrayed  by  Government  out  of  the  public  revenue),  with  inter- 
•Ko.ZXXattheAct. 
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est  thereon  at  the  rate  of  foar  per  centum  per  annum,  shall  have  been 
pud.  The  Commisaionera  shall  also  pay  to  the  Gk>yemor  in  Council  in 
emch  year,  each  further  snm  as  shall  be  equal  to  the  cost  of  the  main- 
tenance of  the  said  works  during  the  preceding  year.*' 

ITp  to  1863,  while  the  town  paid  the  expenses  of  maintenance,  the 
works  remained  under  the  control  and  management  of  the  Government, 
but  in  that  year  it  was  determined  to  transfer  them  to  tbe  town.  A  new 
Act,  called  "  The  Vehar  Water  Works  Act,"  was  passed,  and  in  this, 
nnder  certain  pecuniary  and  other  conditions,  the  Government  yielded  all 
their  rights  to  the  Municipality.  It  is  most  important  that  the  Justices 
should  know  exactly  in  what  position  they  are  with  reference  to  the  Govern- 
ment in  this  matter.  Without  following  the  clauses  in  the  order  in  which 
they  are  placed  in  the  Act,  the  following  summary  will  give  a  general  idea 
of  the  scope  of  the  Act,  and  of  the  existing  relations  between  the  Govern- 
ment and  the  Municipality. 

It  is  forbidden  to  build  or  carry  on  any  trade,  manufacture,  or  agricul- 
ture within  the  watershed  of  the  lake.  All  the  works,  including  all  the 
mofable  and  immovable  property,  and  all  the  public  tanks  and  wells  in  the 
town,  are  rested  for  a  term  of  ninety-nine  years  in  the  Municipality,  which 
has  power  to  alter,  repair,  or  improve  the  works,  or  to  enter  any  land  or 
property  for  these  purposes.  Subject  to  the  approval  of  the  Government, 
the  Municipality  can  levy  rates  and  supply  water  to  the  town  on  such 
terms  as  it  chooses.  On  the  other  hand,  the  Municipality  is  bound  to 
keep  a  proper  system  of  accounts,  and  to  furnish  an  annual  statement  of 
the  fsame  for  publication  in  the  Government  Gazette.  It  is  also  bound  to 
maintain  the  works  in  proper  order,  and,  if  it  fails  to  do  so,  the  Govern- 
ment have  power  not  only  to  supersede  it  by  appointing  others  to  the 
charge  of  the  works,  but  to  execute  the  repairs  themselves  under  their 
own  control,  and  at  the  cost  of  the  Municipality.  The  surplus  funds  may, 
with  the  approval  of  Government,  be  expended  in  improving  the  works, 
and,  when  these  funds  exceed  in  a  single  year  the  sum  of  fifty  thousand 
ropees,  the  Municipality  may,  but  again  only  with  the  consent  of  the 
Government,  alter  the  water  rates.  If  the  Municipality  declines  to  do  so, 
the  Government  can  fix  such  rates  as  they  choose,  and  these  become 
binding  on  the  town. 

The  pecuniary  obligations  attached  to  the  transfer  of  the  property  were 
these.    The  Municipality  was  to  be  considered  as  a  debtor  to  the  Govern- 
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ment,  to  the  extent  of  a  sum  of  money  equivalent  to  twenty-five  lakhs  of 
rupees  in  addition  to  half  the  cost  of  the  works  above  this  sum.     As,  at 
the  time  of  passing  the  Act,  the  works  had  cost  with  interest  about  sixty- 
five  and  a-half  lakhs  of  rupees,  half  the  excess  over  the  twenty-five  was 
about  twenty  and  a  quarter  lakhs,  so  that  the  total  debt  in  1863  was  re- 
presented by  forty-five  and  a  quarter  lakhs,  less  the  payments  which  had 
been  made  by  the  Municipality  up  to  that  time.     As  these  amounted  to 
about  seven  and  three-quarter  lakhs,  the  actual  total  debt  in  1863  was 
thirty-seven  and  a  half  lakhs  of  rupees.     The  Act,  however,  put  it  a^ 
Rs.  37,30,053.     To  liquidate  this,  the  Municipality  is  bound  to  pay  the 
Government  every  year  the  sum  of  one  hundred  and  seventy-five  thousand 
rupees,  until  the  entire  debt  is  expunged,  when  the  works  will,  for  the 
remainder  of  the  lease,  belong  to  the  town.     If  on  the  1st  of  July  in  any 
year  there  is  a  failure  of  payment,  the  Government,  after  giving  two 
months'  notice  thereof,  can  seize  the  water  works,  and  manage  the  pro- 
perty themselves. 

The  following  is  a  condensed  statement  of  the  Vehar  debt  from  the 
commencement,  and  made  up  to  the  Ist  January,  1872  : — 

BS.        ▲.    p. 

Amount  disbursed  in  England  for  stores  and  other 
charges 17,78,816  15    6 


Amount  disbursed  in  Bombay, 
Simple  Interest  on  do.  at  4  per  cent  ffom  the  dif- 
ferent dates  of  payment^ 


Total  charges,   •  • 
Deduct  Refund,  sale  proceeds  of  stores,  &c.y 

Actual  cost  of  works,  .  • 
Deduct  amount  of  original  Estimate, 

Total,     •• 

Moiety  of  the  above  excess,  •  •        •  • 

Add  amount  of  original  Estimate, .  • 

Total,    .. 
Deduct  payments  made  up  to  80th  June,  1863, 

Total,     .. 

Deduct  amount  struck  out  in  adjusting  the  charges 
against  the  Municipality  to  accord  with  that  spe- 
cified in  Act  XL  of  1865 

Total  Vehar  Debt  on  lit  July,  1868,    •• 


88,47,642  11  10 
9,58,829  11    7 


66,84,789 
40.902 


6  11 

7  6 


65,48,886  15 
25,00,000    0 


40,48,886  15    6 


20,21,948 
25,00,000 


45,21,943 
7,71,488 


87,50,605    2     1 


20,452    3    1 
87,80,068    0    0 
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Ba      . 

(L 

P. 

Carried  forward,         

87,80,053 

0 

0 

Add  accnmalation  of  interest  np  to  Ist  Jannarj, 

1865,  with  amoanta  disboned  by  Government, 

leaa  Inatalmenta  paid  up  to  this  date,    •  •        •  • 

1,85,727 

9 

4 

Total,    •. 

88,65,780 

2 

1 

Deduct  Instalments  paid  between  1st  January, 

1865,  and  Slst  December,  1871,  less  interest  np 

to  the  latter  date, 

1,29.292 

2 

4 

Total  Yehar  Debt  on  Slst  December,  1871 ,  •  •  87,36,488  0  0 
To  ascertain  what  the  debt  should  haye  been  with  which  the  Municipa- 
lity ought  to  have  started,  we  must  bear  in  mind  that  the  actual  cost  of 
the  works,  without  interest,  was  56  lakhs  of  rupees.  A  moiety  of  the  cost 
above  25  lakhs  is  15^  lakhs.  If  to  this  we  add  25  lakhs,  the  amount  of 
the  original  estimate,  the  total  debt  at  starting  ought  to  haye  been  about 
40^  lakhs.  The  excess  oyer  this  in  the  above  statement  is  caused  by  the 
addition  of  interest.  Comparing  the  original  debt  with  our  present  lia- 
bilities, it  will  be  seen  that  we  are  not  very  far  ofif  from  the  position  we 
originally  occupied.     I  will  now  show  when  our  liabilities  will  cease. 

As  the  interest  on  the  debt  demanded  by  the  Government  is  four  per 
cent,  it  follows  that  out  of  the  Rs.  1,75,000,  Ks.  1,50,000  go  yearly 
towards  defraying  this  charge,  and  consequently  Bs.  25,000  only  go  to- 
wards the  reduction  of  the  principal.  The  Bench,  therefore,  are  reducing 
the  debt  at  this  present  moment  by  Rs.  25,000  yearly,  plus  the  interest 
on  this  sum,  or  altogether  by  Ks.  26,000.  As  the  principal  and  the  in- 
terest decrease,  so  the  rate  of  reduction  of  the  debt  increases,  and,  if  the 
payments  are  continued  as  at  present — viz.,  monthly — the  debt  will  be 
expunged  about  the  year  1920. 

There  is  a  general  feeling  among  all  classes  that  the  Municipality  has 
been  hardly  dealt  with  by  the  Government,  and  is  made  to  pay  more  than 
it  should  be  legitimately  called  upon  to  do.  In  fact,  ever  since  the  deli- 
very  of  the  water  in  the  town,  the  sick  man  has  not  only  revived,  but  has 
begun  to  grumble  at  the  doctor's  bill.  At  first  he  expressed  his  feelings 
in  mere  mutterings,  but  of  late  he  has  denounced  what  he  considers  the 
imposition  of  the  Government  in  very  strong  language.*  His  idea  is 
not  only  that  he  has  to  discharge  a  heavy  bill,  but  that  the  works,  with 
the  carrying  out  of  which  he  had  nothing  to  do,  are  in  such  an  insecure 

•  Fiile  the  Prareedingsof  the  Banchia  1869,  ]870andI87I. 
VOL.   n. — SECOND   SBRIBS.  2s 
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state,  as  to  render  the  farther  expenditure  of  monej  imperatiye  on  bin*, 
ly  too,  was  at  one  time  under  the  impression  that  the  Qovemment  h^ 
not  acted  with  fair  consideration  for  the  interests  of  the  town,  bat  I  ^™ 
bound  to  admit  that  a  careful  study  of  both  sides  of  the  question  hvieO^' 
yinced  me  there  is  no  reasonable  cause  of  complaint  on  the  part  of  tl^ 
Bench.  In  order  to  prove  the  case,  it  is  enough  to  ask  the  simple  qae^ 
tion,  '<  What  is  it  that  the  Municipality  complain  of  7^  Is  it  of  \mo8 
saddled  with  the  Yehar  debt ;  and  if  so,  are  they  willing  to  hand  oyer  ibi^ 
to  the  Government,  along  with  the  revenue  derived  from  the  Water  Works  1 
If  they  are,  I  must  be  candid,  and  say  plainly  that  they  are  contemplating 
a  very  foolish  thing,  and  I  will  prove  why  it  is  so. 

The  Vehar  debt  is  about  Rs.  87,50,000.     The  annual  revenue  derived 
from  the  works  now  is  Rs.  3,80,000.    Of  this  latter  sum  Rs.  50,000  go 
towards  maintenance  and  extensions,  and  there  is  consequently  a  balance 
of  Rs.  3,30,000  left  to  the  Municipality.    At  present  they  pay  the  Govern- 
ment Rs.  1,75,000,  and  pocket  the  remaining  Rs.  1,55,000.    Now,  if  they 
quarrel  with  the  Government,  and  the  Government  turn  round  and  say, 
"  Very  well ;  we  will   relieve  you  of  the  Vehar  debt  and  also  of  the 
revenue,"  what  will  be  the  state  of  things?     Simply  this,  that  the 
Government  will  obtain  Rs.  8,30,000  yearly  to  repay  themselves  for  the 
Rs.  37,50,000.    In  other  words,  they  will  be  in  thejosition  of  a  company 
obtaining  nearly  nine  per  cent,  on  their  speculation.     Surely  it  is  more 
sensible  for  the  Municipality  to  pay  the  Government  Rs.  1,75,000  (say 
five  per  cent.),  and  to  secure  the  remaining  Rs.  1,55,000  (about  four  per 
cent.)  for  themselves. 

My  advice  to  the  Bench,  therefore,  is  to  let  well  alone — ^to  accept  the 
debt,  and  to  raise  the  revenue  in  every  legitimate  way,  applying  all  sur- 
plus above  the  cost  of  maintenance  towards  new  works,  which|  indeed, 
are  urgently  needed. 

On  one  point  only  do  I  think  the  Bench  may  fairly  ask  for  a  remission 
of  the  terms  from  the  Government.  According  to  the  Act,  and  even 
if  the  entire  debt  is  discharged,  the  Vehar  works  revert  to  the  Govern- 
ment  after  ninety-nine  years.  It  is,  perhaps,  not  likely  that  the  Govern- 
ment would  really  claim  them,  but  still  the  power  to  do  so  should  not  be 
left  to  them.  The  Bench  should  urge  that  if  the  debt  is  repaid,  the  works 
shall  become  their  own  absolute  property. 

The  insecurity  of  the  Vehar  Damsi  the  dependence  of  the  town  for  its 
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jvnpplj  of  water  on  the  durability  and  strength  of  the  single  line  of  pipes 
xmder  No.  1  Dam,  and  the  impossibility  of  repairing  this  pipe  if  it  should 
^Te  way  (as  it  must  ultimately  in  the  course  of  nature,  and  may  at  any 
moment),  have  all  contributed  to  render  the  public  dissatisfied  with  the 
existing  state  of  things,  and  have  determined  them  to  rectify  it  by  ob- 
tiiniiig  a  farther  supply  of  water  from  some  other  source.* 

*  **  ▲  time  most  come  when  the  41 -Inch  iron  main  running  through  It  (No.  1  Dam)  mnst  be  worn 
sirij.  No.  ammgemente  were  made  in  tho  constmction  of  the  dam  to  enable  the  Engineer  to  put 
down  another  main  when  this  one  became  uflelcas.  Should  a  leak  orer  occnr  in  this  main  under  No.  1 
Dam,  U  wiU  be  a  most  serious  matter  for  the  town,  and  tho  very  worst  consequences  may  be  expected. 

**  The  pipe  lies  about  seventy  feet  from  the  top  of  the  Dam,  and  there  is  a  pressure  of  from  63  to 
10  feet  of  water  on  it,  dependent  on  the  lake  being  full  or  otherwise.  Suppose  there  is  a  burst  in  the 
main  (and  this  luppoeition  is  no  extraordinary  one),  water  will  issue  from  the  pipe  with  a  pressure 
of  eaj  U  fts.  on  the  square  inch.  What  the  effect  of  a  stream  passing  with  a  velocity  due  to  thia 
prennw  wUL  be  oo  tbe  surrounding  earth  it  is  hardly  neccsmry  for  me  to  explain.  Material  must  be 
washed  out  from  the  dam  by  the  water  in  ite  outward  course,  and  after  this  has  continued  for  a  short 
time,  tbe  atabUity  of  the  work  must  be  destroyed.  To  repair  a  leak  of  this  nature  in  the  manner 
which  I  have  adopted  to  render  Nos.  2  and  3  Dams  secure  (that  is,  by  dropping  a  vertical  puddle  waU 
down  into  the  natural  soil  through  the  exterior  slope  of  the  dam)  will  be  not  only  attended  with 
great  risk,  but  impossible,  unless  the  supply  to  the  town  is  stopped  for  several  consecutive  weeks. 
ThSa  fact,  therefore,  must  be  looked  in  the  face— viz.,  that  a  time  must  come,  sooner  or  later,  when 
from  the  pipe  under  the  embankment  being  worn  away  (as  all  iron  ultimately  wears  away),  and 
from  there  being  no  moans  of  substituting  another  pipe  in  its  stead,  the  inhabitants  of  Bombay, 
imleBa  thej  f  omiah  themselves  \rlth  some  other  source  of  supply,  will  have  to  pass  through  a  water 


**  The  qneetlon  is  really  a  very  serious  one  for  the  community.  The  arrangements  for  drawing 
water  from  the  Vehar  Lake  are  moet  imperfect.  The  masonry  of  the  tower  leaks  so  badly,  that  I  am 
told  an  attempt  which  was  once  made  to  examine  the  mouth  of  the  outlet  pipe  at  the  bottom,  nearly 
veanlted  in  the  death  of  the  diver,  who  was  almost  forced  into  the  pipe  by  the  quantity  of  vrater  faU. 
tng  on  him  from  above.  It  will  thus  be  seen  that  to  close  the  mouths  of  the  strainers,  does  not  render 
the  tower  dry.  It  follows,  therefore,  that  if  a  pipe  bursts  under  the  embankment,  it  will  be  impoa* 
■iUe  to  discover  the  point  of  fracture  by  sending  a  man  down  the  tower.  The  only  thing  to  be  done 
In  this  caae  will  be  to  block  up  the  mouth  of  the  outlet  pipe,  so  as  to  prevent  any  water  entering  it* 
Xven  thia  may  be  attended  with  difficulty,  but  if  it  is  successful,  the  next  thing  will  be  to  send  a  man 
Into  tbe  pipe  through  the  sluice  valve  at  the  outer  foot  of  the  emlHuikment.  If  a  real  fracture  of  the 
pipe  has  taken  place,  it  will  not  perhaps  be  difficult  for  a  man  to  discover  its  position,  but  if  the  leak 
were  due  to  an  imperfect  Joint,  no  examination  of  the  pipes  from  tiie  inside  could  enable  a  man  to 
discover  its  locality. 

-  Under  these  drcnmstances,  I  cannot  but  draw  the  attention  of  the  Bench  to  the  risk  they  ara 
mnnlng  in  delaying  to  construct  proper  outlet  works  for  the  Yehar  Lake— works  which  should 
have  no  oonnection  with  any  of  the  dams,  and  be  so  arranged,  that  any  defective  portion  may  be 
lepaired  without  difficulty  or  danger. 

"  But  in  either  ease,  whether  the  iron  is  fractured  or  whether  the  joints  have  separated,  it  will  be 
impossible  to  repair  the  pipes  from  the  inside.  And  let  the  pipes  be  repaired  in  any  way  wkatso- 
•ver,  the  supply  to  the  town  must  be  shut  oft  for  weeks. "  **  Extract  from  my  Report  on  the  Vehar 
Lake  Dame-" 

**  I  think  the  Bench  dionld  thank  C^pt.  TuUoch  for  the  very  moderate  report  he  has  written  upon 
the  Yehar  Dams.  There  is  nothing  exaggerated,  but  on  the  contrary,  I  think  he  has  missed  one 
point,  wliich  is  the  point  we  must  look  at  now.  I  think  that  during  the  dry  season  the  puddle  dam 
mnst  be  completed,  but  the  most  difficult  thing  will  be  the  pipe.  Now  I  will  try  to  explain.  I  oould 
do  it  better  upon  a  black  board,  but  I  will  endeavour  to  do  it  orally.  The  danger  that  there  is  in 
flimnection  with  this  pipe  is  this :  that  there  has  been,  for  several  yean  probably,  a  leakage  through 
the  dam  At  the  sapply  pipe,  aikd  it  is  certain  the  leakage  is  not  at  the  top,  and  it  is  equally 
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In  July  1868,  Mr.  Russel  AitkeD,  tho  Execative  Engineer  1 
Mnnicipality  at  that  time,  in  compliance  with  instmctions  froi 
Arthur  Crawford,  the  Municipal  Commissioner,  submitted  a  "  Hep 
the  Extension  of  the  Bombay  Water  Works.*'  In  this  Heport  h 
posed  four  different  schemes  for  consideration.*    Of  the  first  he  wr 

''  The  hills  on  the  mainland  in  the  immediate  vicinity  of  the  no 
part  of  the  Island  of  Salsctte  do  not  present  any  facilities  for  th 
Btmction  of  reservoirs,  as  they  either  cannot  give  sufficient  snp 
water,  or  they  are  not  situated  at  a  sufficient  height  to  allow  of  tl 
having  the  necessary  fall  towards  the  city. 

"  Being  unwilling  to  abandon  the  search,  the  survey  parties  mo 
the  streams  until,  at  last  at  Shewla,  in  the  talooka  of  Moorban, 
miles  from  Bombay,  a  site  for  a  reservoir  was  found,  which  fulfil 
the  required  conditions,  vide  Plate  XXV. 

"  If  the  cost  of  all  works  for  the  improvement  of  the  sanitary 
tion  of  the  city  is  to  bo  defrayed  from  loans  to  be  raised  on  Mu 
revenue,  it  will  be  absolutely  useless  for  me  to  say  any  moie  about  a 
which  would  be  so  expensive  as  the  Shewla  Scheme.     Neverth< 

certain  It  is  at  the  bottom  of  the  pipe.  Yon  cannot  have  water  mnning  even  on  a  I 
without  the  rock  being  gradually  worn  away.  'And  although  no  perceptible  amonx 
bhanioal  deposit  has  been  found  in  the  water,  there  1b  no  doubt  in  my  mind  that  a  smaU  qi 
coming  through  from  under  the  pipe,  and  that  there  is  a  couRidcrable  cavity  under  it.  8 
or  other  the  pii«  must  break,  and  then  there  will  be  the  whole  preeBure  of  the  Vehar  water 
through  the  aperture  in  the  earth.'*  Mr.  Ormiaton  concluded  by  recommending  the  Bend 
no  expense  in  carrying  out  the  repairs  on  the  plan  Capt.  Tulloch  had  commenced,  and  to 
weU  the  scheme  which  Capt.  Tulloch  intended  to  bring  forward  for  a  separate  outlet  It 
many  years  before  new  water  works  could  be  ready,  and  ho  thought  no  means  should  be  nei 
render  secure  the  present  dams  at  a  reasonable  expense."  Extract  from  Mr.  Ormitton**  Sp* 
MteUng  qf  tfu  JuHieu  on  the  12th  Auffut,  1871. 

*  In  order  to  prevent  confusion,  I  should  mention  that  In  his  levels  of  the  Vehar  Lake,  li 
has  an  error  of  nearly  15  foet.  The  waste  weir  of  the  lake  is  not,  as  he  has  it  in  his  plau 
above  mean  sea  level,  but  18S*20  feet  or  263-50  feet  on  Town  Hall  Datum. 

It  is  a  great  pity  Mr.  Aitken  did  not  work  to  the  same  datum  as  the  rest  of  the  prol 
Bombay,  via.,  the  Town  Hall  Datum.  He  took  aa  his  datum  a  point  fifty  feet  below  mean 
Bnt  the  exact  level  of  mean  sea  is  disputed,  and  it  is  most  confusing  to  fix  as  a  datum  a 
gazding  which  there  is  any  difference  of  opinion.  The  person  best  capable  of  speaUn 
Bafaject  is  Mr.  Ormiston,  who  has  taken  a  seriee  of  tidal  observations,  and  he  makes  mean 
more  than  half  a  foot  higher  than  the  point  fixed  by  Mr.  Aitken.  Mr.  Ormiston's  mean  se 
80*90  on  Town  Hall  Datum,  whilst  Mr.  Aitken's  is  79*70.  My  motives  in  condemning  this  < 
datom,  againt  whidi  Mr.  Ormiaton  has,  with  his  usual  judgment,  protested,  will  not  be  i 
■tood  whoi  I  add  that  I  myself  am  to  blame  in  the  matter  for  having  in  my  Dralnag 
and  in  the  plans  of  the  Toolsoe  project  adopted  Mr.  Aitken's  mean  sea  level  datum.  My 
that  until  Mr.  Ormiston  expressed  to  me  his  objection  to  the  datum  in  the  Toolsoe  project, 
aware  that  there  was  any  generally  recognised  datum.  Bnt  having  helped  to  add  to  the  coi 
unhesitatingly  make  my  mpcHogj  to  the  profession,  and  I  have  end(»vourod  to  atone  for  : 
hf  redncing  the  drawinga  in  thia  report  to  the  now  nnivenally  accepted  Town  Hall  Data 
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consider  it  my  dntj  to  hj  the  entire  project  before-  yoa,  aa  the  natand 
adrantagee  of  the  Valley  are  so  great,  that  eyen  if  the  Municipality  can- 
not make  any  nse  of  the  facilities  which  it  presents  for  impounding  water, 
perhaps  Govemment  may  be  able  to  construct  a  reservoir  for  irrigational 
purposes. 

<<  The  total  area  of  ihe  proposed  lake  with  a  dam  (vide  Plate  XXVI., 
for  information  regarding  the  dam)  96  feet  high,  or  with  a  depth  of  water 
SO  feet  abo?e  the  bed  of  the  stream,  would  be  not  less  than  6^  squan 
miles,  or  4,000  acres,  whilst  it  would  contain  33,000  million  gallons. 

"  The  quantity  of  earthwork,  &c.,  which  would  be  required  to  construct 
the  embankment  would  be  687,000  cubic  yards,  or  only  30  per  cent,  more 
than  the  total  amount  of  earthwork,  <&c.,  in  the  three  dams  at  Vehar." 

From  this  reservoir  Mr.  Aitken  proposed  to  .bring  the  water  into 
Bombay  through  a  steel  main  4^  feet  in  diameter,  and  carried  on  masonry 
pillars.*     The  contemplated  supply  was  25,000,000  gallons  daily. 

To  meet  the  objection,  suggested  by  himself,  that  the  character  of  the 
works  was  not  of  a  permanent  nature,  Mr.  Aitken  said  :— 

"  I  have  no  doubt  but  that  when  the  proposed  4-feet  6-inch  main  is  worn 
ont,  Bombay  will  be  ready  and  able  to  pay  for  a  new  main  of  twice  its 
oapacity." 

The  cost  of  the  Shewla  Scheme  was  as  follows :— - 

Resenroir  and  works  at  Shewla,  inclading  10  per  cent.  B8. 

for  contingencies,            •••        •••  10,97,292 

Steel  main  56  miles  long,  inclading  da  do.,      «••        ••^  1,24,78,611 

Land,            4,49,280 

Total,       ^.        ^.     1,40,25483 
Or  say  140;^  lakhs  of  rupees. 
The  Second  Project  proposed  by  Mr.  Aitken  was : — 
"  The  constructron  of  an  entirely  new  reser?oir  in  the  valley  of  the  Tas- 
800  Bi?er  just  below  the  Kennery  Ga?es.     The  total  area  of  the  proposed 
lake,  which  will  hereafter  be  called  the  Kennery  reservoir,  and  of  the 
gathering  ground,  will  be  nearly  3,400  acres,  or  about  equal  to  Yehar.     I 
propose  that  the  embankment  shall  be  136  feet  high,  which  will  impound 
^ater  to  a  depth  of  130  feet  above  the  bed  of  the  stream.    This  is  a  very 
great  depth  of  water,  and  is  22  feet  higher  than  any  dam  with  which  1  am 

*  I  eannot  give  a  plan  or  eection  of  the  line  along  which  the  main  was  to  nu),  u  tbo  wnn  not 
gtfen  bj  ICr.  Aitken  hiniMli.    In  fact,  then  was  no  nuTfy  Biate  of  tiie  UDAi 
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acquainted ;  yet  as  there  is  an  abundance  of  excellent  material  in  ih^ 
mediate  vicinitj  of  the  dam,  and  as  we  can  supply  ourselyes  with  "^ 
for  consolidating  and  working  it  by  pumping  from  Vehar,  I  should  I 
no  hesitation  in  undertaking  the  work,  nor  should  I  entertain  any  d* 
as  to  its  perfect  success.* 

''  The  total  amount  of  material  required  for  the  construction  of 
dam,  vtde  Plate  XXYIL,  amounts  to  no  less  than  1,110,000  cubic  yi 
nor  would  it  be  possible  to  do  with  a  less  size  of  dam  than  is  now  pro 
ed,  as  otherwise,  owing  to  the  configuration  of  the  ground,  we  shouU 
unable  to  impound  the  requisite  quantity  of  water. 

"  The  area  of  the  proposed  Kennery  reservoir  is  only  500  acres  in 
tent,  or  less  than  one-half  that  of  Ychar,  and  its  storage  capacity  is  < 
7,400  million  gallons,  or  one-thiid  less  than  Vehar.  The  total  ani 
supply  available  for  the  use  of  the  city  will,  however,  amount  to  4, 
million  gallons.'* 
The  Third  Scheme  which  Mr.  Aitken  proposed  was : — 

"  The  construction  of  a  dam  in  the  River  Tassoof  just  below  the  vill 
of  Toolsee,  whereby  the  waters  of  the  upper  portion  of  that  river  wil 
diverted  into  the  Yehar  Lake,  which  would  thus  have  its  gathering  gro 
increased  by  1,600  acres,  so  that  the  present  supply  from  Yehar  migh 
increased  from  5  to  6^  gallons. 

"  A  new  28-inch  main  pipe  will  be  required  to  convey  to  Bombay 
extra  quantity  of  water,  and  I  estimate  the  cost  of  this  work  at  1 6^  h 
of  rupees,  or  from  5^  to  6^  annas  per  gallon. 

Of  his  Fourth  Scheme  Mr.  Aitken  wrote : — 

^'  It  embraces  Scheme  No.  8,  but  in  addition  to  the  supply  to  be  obta: 
from  the  upper  part  of  the  Tassoo,  I  propose  to  construct  a  new  reser 
at  Poway,  vide  Plate  XXYIII.  A  reservoir  can  be  constructed  in 
Poway  valley  980  acres  in  extent,  and  the  total  amount  of  earthworl 
the  dams  will  amount  to  but  880,000  cubic  yards.  The  Poway  basin  ] 
Bents  very  great  facilities  for  the  construction  of  a  large  reservoir, 
unfortunately  the  gathering  ground  is  very  limited,  being  only  about 

*  In  connection  with  tlilB  mbject,  vid<  Appendix  B,  No.  LXYIII.,  of  Profesgionol  Papers  on  Ii 
BnglneerlnK,  Second  Series.  Mr.  Rankine  oar  highest  authority  in  the  theoretical  branch  o 
proleaBioin,  doubts  whether  an  earthen  dam  can  be  r<died  on  whore  the  depth  of  water  exceeds  1 
110  feet.     Vide  also  page  72  of  the  aboTO-mentloned  Article. 

f  The  sorrej  of  this  Talley  had  not  been  made  when  Mr.  litken  submitted  his  Report.  If 
completed  shortly  after  my  anrlTal  in  Bombay  in  Jane  1870.  A  jAan  of  both  the  Toolsee  gafhi 
gvoand  and  retorroir  ii  giTen  in  Fkm  YXTX. 
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iame  area  as  tbe  Lake.  This  deficiency  would,  faoweyer,  be  supplied  by 
nmniDg  the  surplus  water  from  the  Yehar  Lake  into  the  Poway  reseryoir.* 

"If  this  scheme  be  carried  out,  10  or  12  gallons  per  head  may  be 
secured  at  a  cost  of  about  35^  lakhs  of  rupees. 

**  The  size  of  the  main  from  Poway  would  require  to  be  36  inches  in 
diameter  to  enable  us  to  work  it  along  with  the  supply  from  Yehar,  and 
as  we  could  depend  on  the  Yehar  Lake  being  filled  every  year,  I  would 
propose  to  lay  another  32-inch  main  from  Yehar,  to  join  this  proposed 
new  main  from  Poway." 

In  forwarding  Mr.  Aitken's  Report  to  the  Government  on  the  1 2th 
October,  1868,  the  Municipal  Commissioner  said :  "  I  must  reluctantly 
pronounce  the  construction  of  the  Shewla  Scheme  pecuniarily  impossible 
to  Bombay  at  present,"  and  Mr.  Crawford  recommended  the  carrying  out 
of  the  Kennery  Scheme  at  the  cost  of  41^  lakhs  of  rupees.  The  financial 
riewof  the  question  taken  by  him  was  put  thus : — 

"  The  present  income  from  the  Yehar  water  rate  is  four  lakhs  of  rupees. 
Of  this  one  and  three  quarter  lakhs  goes  towards  payment  of  the  Yehar 
Works,  and  one  lakh  is  needed  for  maintenance  and  minor  extensions. 
Xhis  leaves  one  lakh  and  a  quarter  annually  available  for  the  construction 
of  new  works. 

''  I  assume  that  Government  would  treat  Bombay  like  Calcutta,  and 
obtain  the  money  required  on  its  own  guarantee,  at  4  per  cent. 

"  The  re-payment  of  the  loan  should  be  spread  over  50  years,  and,  be- 
sides interest,  one-fiftieth  should  each  year  be  set  aside  as  a  sinking  fund. 

*^  To  construct  Uie  Kennery  works,  the  sum  of  Hs.  41,50,000  is  required* 

BS. 

Interest  at  fonr  per  cent,  ••        ••        ••        ••        ••     1,66,000 

One-fiftieth  for  sinkiiig  fund, 83,000 

Total,        ..     2,49,000 
"  I  would  provide  this  amount  partly  from  the  excess  of  the  existing 
water  revenue  over  expenditure,  and  partly  by  a  light  general  water  rate, 
which  should  be  made  leviable  by  law  for  50  years,  thus — 

BS. 

Excess  available, 1,25,000 

One  per  cent  water-rate, 1,82,000 

Total,        ••    2,67,000" 

•  I  eazmot  give  drawings  of  the  dami  of  which  there  were  to  hare  been  ilz.  Excepting  a  longi- 
todinal  section  of  the  nudn  d«n,Gopjof  which  may  be  leeninPtote  ZZVI.,  theraii  no  infomiAtion 
«  reeord  legaiding  these  works. 
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In  a  Resolution  passed  on  the  12th  Jannarj,  1869,  the  Goyemment 
appointed  a  Commission  of  the  following  gentlemen  to  take  evidenoe  and 
report  on  the  Water-snpplj  and  the  Drainage  of  Bombay :  The  Hon'ble 
A.  R.  Scoble,  Chairman,  Colonel  W.  Kendall,  Lient.- Colonel  J.  S.  Trevor, 
R.E.,  Dr.  W.  G.  Hunter,  M.R.C.P.  With  reference  to  the  former  sub- 
ject the  duty  of  the  Commission  was : — 

''  To  consider  Mr.  Rassel  Aitken's  scheme  for  increasing  the  water- 
supply,  and  to  report  on  their  relative  general  advantages,  and  to  examine 
and  discuss  the  details  of  that  which  they  might  consider  most  suitable, 
should  they  be  of  opinion  that  either  of  them  was  calculated  to  effect 
satisfactorily  the  object  in  view. " 

The  Commission  sat  for  the  first  time  on  the  17th  March  1869,  and 
continued  its  sittings  till  the  7th  of  April  following.  At  this  stage  in 
the  history  of  the  water-supply  of  Bombay,  I  became  a  party  to  the  dis- 
cussion. I  gave  evidence  before  this  Commission,  but  I  took  an  unfavor- 
able view  of  all  Mr.  Aitken's  projects.  It  is  not  my  intention,  however, 
in  this  report  either  to  support  my  propositions  or  to  criticise  Mr.  Aitken'a 
schemes.  I  shall,  therefore,  merely  state  the  conclusions  at  which  the 
Committee  arrived,  and  so  far  as  possible  in  their  own  words.  I  beg  to 
draw  especial  attention  to  these  conclusions,  as  I  think  they  are  most 
worthy  of  consideration,  and  display  a  largeness  of  view  on  this  important 
subject,  which  it  behoves  the  town  to  weigh  well.  Regarding  the  Shewla 
Scheme,  they  wrote  thus  :— 

The  Commission  consider  that  it  is  too  gigantic  a  work  to  be  under- 
taken by  the  Municipality.  Its  cost  would  appear,  if  anything,  to  have 
been  under-estimated  by  Mr.  Aitken ;  for  Mr.  Ormiston  puts  it  at  two 
millions  sterling,  and  Captain  Tulloch  at  180  lakhs.  The  proposal  to 
carry  the  water  for  a  distance  of  fifty-six  miles  in  an  exposed  steel  is  also, 
in  the  opinion  of  the  Commission,  too  novel  an  experiment  to  be  tried  on 
so  large  a  scale  in  the  first  instance ;  and,  without  adopting  Dr.  Blaney's 
opinion,  that  the  water  would  *  come  into  Bombay  in  the  afternoon  in  a 
state  for  boiling  an  egg,  warming  a  child's  conjee,  or  giving  a  rheumatio 
patient  a  hot  bath,'  the  Commission  have  no  doubt  that  should  it  be  found 
necessary  to  bring  water  into  Bombay  from  so  great  a  distance,  a  mason* 
ry  conduit  would  be  in  every  respect  preferable  to  a  steel  main." 

Of  the  Kennery  and  Poway  Schemes  they  said  : — 

*<The  Kennery  and  Poway  schemes  are  both  open  to  the  objectioQ 
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v^  t.\iey  M6  mere  patches  upon  Vehar,  and  incapable  of  extension  from 

titft^  to  time  to  meet  the  growing  requirements  of  the  city.     The  enor« 

v^^  height  of  the  impoauding  dam  at  Kennery,  and  the  quantity  of 

^^ble  land  that  woold  be  submerged  at  Poway,  are  additional  reasimi 

^^inBt  the  adoption  of  either  of  these  projects ;  and  the  Commission  are 

^'  opinion  that  neither  of  them  is  calculated  to  effect  satisfactorily  the 

<*ject  in  Tiew/' 

After  this  expression  of  opinion  on  three  of  the  projects  proposed  by 
AT.  Aitken,  the  Commission  discussed  the  general  question  as  to  the 
qnintity  of  water  required  by  the  population,  and  the  quality  of  the 
irtter  obtained  both  from  Vehar,  and  from  the  wells  in  Bombay.     They 
showed  how  the  8,500,000  gallons  supplied  daily  to  Bombay  were  ex- 
pended, and,  condemning  generally  the  water  obtained  from  the  tanks  and 
wells  in  the  town  as  ''  fruitful  sources  of  disease  and  death,*'  pronounced 
the  "only  really  wholesome  water"  to  be  that  "  from  the  Vehar  Lake." 
They  then  went  on  to  say :  — > 

"  Under  these  circumstances,  having  been  obliged  to  discard  the  three 
larger  projects  suggested  by  Mr.  Aitken,  the  Commission  directed  their 
attention  to  three  points : — 

(1).     Whether  the  existing  works  at  Vehar  are  in  a  safe  condition. 

(2).     Whether  the  supply  from  Vehar  can  be  increased  without  danger. 

(8).     Whether  the  Vehar  water  is  so  distributed  as  to  make  it  most 

generally  useful. 

''There  is  no  doubt  that  so  long  as  Bombay  has  to  depend  on  one 

reserymr  for  its  water-supply,  it  runs  a  great  risk,  *  on  account  of  the 

general  insecurity  which  attaches  to  all  works  of  the  kind.'     But,  apart 

from  this,  there  seems  no  special  reason  to  distrust  the  stability  of  the 

irorks  at  Vehar.    Mr.  Ormiston  says  that  *  the  dams  are  in  a  better  state 

tban  they  have  been  in  for  many  years,'  and  that  '  the  repairs  which  Mr. 

Aitken  made  two  seasons  ago  at  the  Vehar  dams  have  been  so  efficient^ 

tfaat|  so  far  as  my  judgment  goes,  the  Bench  need  not  expend  the  two 

lakhs  which  are  put  down  for  extra  repairs.'     He,  however,  considers  it 

a  Booree  of  danger  that  the  outlet  pipe  at  Vehar  passes  through  the 

embankment;  and  that  it  might  be  closed  altogether,  and  a  fresh  one  put 

in  at  a  higher  level,  with  great  advantage.     Captain  Haneock  says  that 

*  it  is  desirable  that  the  dams  should  be  very  carefully  overhauled,  and 

perhaps,  repaired/  but  that  *  tiiere  is  nothing  to  prevent  the  aeceesary 
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repairs  being  carried  out  to  make  the  dams  sufficiently  strong  to  be  de- 
pended on.*  And  Mr.  Rassel  Aitken,  though  saying  that  '  the  same 
feeling  is  entertained  by  every  one  connected  with  the  works,  namely, 
that  they  are  not  in  a  satisfactory  state/  reports  that,  with  an  expenditore 
of  two  lakhs,  the  dams  and  waste  weir  can  be  made  reasonably  safe. 

"  The  Commission  are  therefore  of  opinion  that  there  is  no  reason  to 
expect  any  immediate  accident  to  the  Yehar  works,  and  that,  with  a 
moderate  expenditure,  the  dams  may  be  made  as  secure  as  is  possible  to 
make  works  of  such  a  nature.  They  accordingly  recommend  that  these 
repairs  should  be  taken  in  hand  without  delay.  As  a  further  precaution, 
they  would  advise  that  the  present  outlet  pipe  through  the  dam  should  be 
closed,  and  a  new  one  put  in  through  the  solid  at  a  higher  level. 

''  The  supply  from  Yehar  being  equivalent  only  to  about  10  gallons 
daily  per  head  of  the  population — the  pressure  being  insufficient  for  con- 
tinuous service — and,  as  a  consequence,  the  mains  being  frequently  empty 
on  occasions  of  fire, — the  Commission  considered  it  most  important  to 
ascertain  whether  the  quantity  of  water  in  the  lake  could  be  supplemented 
from  neighbouring  sources,  without  danger  to  the  existing  works.     ThiS) 
in  the  opinion  of  the  Commission,  can  be  accomplished  br  Mr.  Aitken's 
Toolsee  scheme.     He  proposes  '  the  construction  of  a  dam  in  the  River 
Tassoo,  just  below  the  village  of  Toolsee,  whereby  the  water  of  the  upper 
portion  of  that  river  will  be  diverted  into  the  Yehar  Lake,  which  would 
thus  have  its  gathering  ground  increased  by  1,600  acres,  so  that  the  pre- 
sent supply  from  Yehar  might  be  increased  by  5  or  6  gallons  per  head 
daily.'  Mr.  Aitken  is  of  opinion  that,  if  the  dams  at  Yehar  are  strengthen- 
ed as  recommended  by  the  Commission,  the  Toolsee  water  can  be  brought 
into  the  lake  without  any  danger ;  and  in  this  opinion  Mr.  Ormiston  and 
Captain  Hancock  concur.     This  increase  would  bring  the  water  snppl/ 
of  Bombay  up  to  from  15  to  16  gallons  per  day  per  head  of  the  popula- 
tion, and  could  be  effected  at  moderate  expense ;  Mr.  Aitken  estimates 
the  work  at  16J  lakhs,  including  the  cost  of  a  second  main  from  Vehsr 
to  Bombay. 

**  The  Commission  recommended  the  adoption  of  this  schemei  not 
only  because,  so  long  as  the  Yehar  dams  last,  it  will  give  an  increase  of  50 
per  cent,  to  the  water  supply  at  a  small  cost,  but  also  because  it  appears^ 
from  Captain  Hancock's  evidence, '  that  the  supply  of  water  to  the  Yehar 
Lake  is  not  much  more  than  soffioient  to  meet  the  presented  rain  upon  it 
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b  aTerage  years/  and  that,  if  succession  of  years  of  low  average  rain-fall 
were  to  occor,  there  would  be  a  considerable  risk  of  the  lake  becoming 
exhausted  if  the  consumption  were  not  proportionately  restricted." 

Tho  Commission  then  discussed  the  system  of  distribution,  but  this 
need  not  detain  me.  On  the  general  subject  of  the  water-supply  of 
Bombay  they  expressed  themselves  thus : — 

"  The  Commission  venture  to  express  their  conviction  that  no  scheme, 
involving  any  considerable  outlay  should  be  adopted  by  the  Municipality, 
or  sanctioned  by  Government,  unless  it  combines  the  least  possible  engi- 
neering risk  in  the  method  of  its  construction,  with  a  capability  of  inex- 
pensive extension  from  time  to  time  to  meet  the  growing  wants  of  the 
population.  By  the  last  census  the  inhabitants  of  the  Town  and  Island 
of  Bombay  numbered  816,562;*  and  it  is  reasonable  to  suppose  that,  in 
the  course  of  the  next  20  or  30  years,  this  number  will  be  considerably 
augmented.  In  the  construction  of  new  and  costly  water  works,  the 
future  as  well  as  the  present  wants  of  the  city  shall  be  borne  in  mind." 

And  they  concluded  their  report  in  these  important  terms  :— 

While  it  is  the  opinion  of  the  Commission  that  by  greater  economy  of 
distribution,  and  the  addition  of  the  Toolsee  water,  much  will  be  done  to 
alleviate  the  evils  of  the  present  scanty  water  supply  of  Bombay,  it  is  no 
less  their  conviction  that  no  time  should  be  lost  in  securing  a  full  and 
permanently  reliable  supply  of  water  to  the  town.  Even  with  the  addi- 
tion of  Toolsee,  the  supply  from  Vehnr  will  be  sufficient  only  for  an  inter- 
mittent service,  a  minimum  supply  for  domestic  uses,  and  an  unreliable 
supply  in  case  of  fires.  The  recommendations  of  the  Commission,  there- 
fore, so  far  as  they  have  gone,  point  only  to  temporary  measures  of  relief. 
A  continuous  service,  at  full  pressure,  is  what  is  required  for  Bombay, 
and  Bombay  should  satisfied  with  nothing  less.  This,  the  Commission 
consider,  will  be  most  securely  obtained  by  a  low  level  reservoir,  from 
which  the  water  should  be  brought  by  a  covered  masonry  conduit  to 
Bombay  ;'f  and  they  recommend  that  surveys  should  be  made  without  de- 
lay with  a  view  to  carrying  out  this  proposal.  With  such  a  reservoir 
not  only  could  the  supply  of  water  to  Bombay  be  made  to  keep  ahead  of 

•  Tha  oefnras  taken  last  year  ( 1871 )  shows  the  population  to  be  as  nearly  as  possible  MO.OOO. 

t  Farther  on  the  reader  will  observe  that  I  hare  not  f  aUed  to  bear  in  mind  the  opinion  of  the  com- 
mission on  this  point.  The  Kamon  scheme,  which  InTolres  a  low-lying  resenroir  and  a  oiaaonry 
eoodnit,  has  been  specially  inyestigated  to  ascertain  the  adTiaabUity  and  ezpenM  of  canying  out  a 
|va|sctof  thisclaa. 
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any  possible  increase  of  the  population,  bat  all  the  water  not  reqoired  for 
Bombay  might  be  made  available  for  the  service  of  towns  on  the  road| 
for  the  supply  of  the  railways,  and  for  irrigation.  In  this  point  of  Tiew, 
the  work  might  fairly  be  regarded  as  an  Imperial  work,  and  not  one  of 
a  merely  local  Manicipal  character.*' 

With  the  Report  of  the  Commission  before  them,  the  Ooyemment 
passed  a  Resolution  on  the  dlst  March,  1870,  and  on  the  particular  pro* 
jects  proposed  by  Mr.  Aitken  they  expressed  themselves  thus  : — 

^'Gbvemment  concur  with  the  Commission,  in  rejecting  the  Shewla 
scheme.  It  does  not  appear  to  hare  been  ascertained  beyond  a  doubt| 
that  as  good  a  storage  basin  cannot  be  found  in  closer  proximity  to  Bom- 
bay, nor  are  the  details  of  the  scheme  sufficiently  well  considered.  The 
amount  of  the  outlay  inyolyed  also  puts  it  beyond  the  power  of  the 
Municipality  for  the  present  at  least. 

"  The  Eennery  and  Poway  schemes  would  not  give  results  commen- 
surate with  the  outlay  they  would  involve,  and  the  construction  of  either 
would  only  be  a  half  measure. 

'<  A  very  substantial  addition  to  the  Yehar  Lake,  at  an  expenditure 
which  is  within  the  means  of  the  Municipality,  might,  however,  be  made 
by  the  execution  of  the  Toolsee  scheme,  and  Government  concur  with  the 
Commission  that  this  would  be  the  best  practical  arrangement." 

And  on  the  general  question  of  water-supply  they  went  on  immediately 
after  to  say  : — 

"  It  (the  Toolsee  scheme)  could  only,  however,  be  regarded  as  an  interim 
expedient,  for  it  does  not  provide  for  the  full  quantity  (fifteen  gallons) 
of  water  per  head  for  the  number  of  people  that  now  probably  inhabit 
Bombay ;  and  would,  therefore,  year  by  year,  as  the  population  increaseSi 
become  more  and  more  inadequate:  many  years  would,  however,  pro- 
bably elapse  before  any  practical  inconvenience  would  be  felt,  and  it  is 
reasonable  to  suppose,  in  that  interval,  not  only  will  some  suitable  scheme 
for  a  substantial  increase  be  devised,  but  that  means  will  be  forthcoming 
for  carrying  it  out. 

'<  It  is  quite  clear  that,  as  a  permanent  arrangement  this  city  should 
not  be  left  to  depend  on  one  source  of  supply,  liable  to  suffer  from  in- 
sufficient rain-fall  in  successive  years,  or  destruction  from  accident,  to  the 
impounding  dams. 

'*  The  risk  of  either  contingency  may  not  be  great,  but  it  does,  no 
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doubt,  ezitt|  and,  therefore,  tlie  Monicipalitj  Bhonld  loee  no  time  in  having 
the  farther  invettigation  snggeated  hj  the  GommiBsion  made,  in  view  to 
the  selection  of  a  suitable  site  for  another  reservoir,  so  that  all  maj  bo 
leady  for  action  as  soon  as  suitable  means  can  be  made  available ;  in  the 
meantime  the  diams  of  the  Yehar  Lake  shonld  be  strengthened,  as  recom- 
mended, and  the  question  of  another  main  from  Yehar  should  be  seriouslj 
considered." 

On  receipt  of  this  Government  Resolution,  the  Municipal  Commissioner 
took  action  by  having  a  careful  survey  made  of  the  Toolsec  valley.  When 
I  arrived  in  Bombay  in  June  1870,  this  survey  was  finished,*  and  I  was 
directed  to  submit  the  Toolsee  project  as  soon  as  possible.  Accordingly 
in  July  the  plans  and  estimates  were  ready,  and  the  Bench  of  Justices 
then  appointed  a  Committee  composed  of  the  following  gentlemen  to  re- 
port on  the  scheme;  Major-Genl.  Tremenheere,  B.E.;  Mr.  OrmistoUi 
G.E. ;  Mr.  LeMesurier,  C.E. ;  and  Dr.  Lyon.  According  to  the  Commit- 
tee's request,  I  drew  up  a  brief  memorandum  on  the  subject,  but  feeling 
that  so  short  an  investigation  as  one  occupying  me  six  weeks  only  did 
not  justify  my  speaking  with  the  least  authority  on  so  great  a  subject, 
I  wrote  :— 

"  I  should  preface  my  remarks  by  informing  the  Committee  that  I  feel 
I  am  in  no  way  capable  of  forming  an  opinion  as  to  whether  the  Toolsee 
project,  in  any  shape,  is  the  best  which  the  people  of  Bombay  can  adopt.^ 

I  went  on  then  to  say  that  the  project  was  merely  submitted  for  them 
to  accept  or  reject  on  the  facts  put  before  them,  and  that  I  could  neither 
condemn  nor  reconmiend  it,  I  pointed  out  then  that,  as  no  rain  gauge  had 
been  kept  in  the  Toolsee  valley,  it  was  impossible  to  say  with  any  degree 
of  certainty  what  quantity  of  rain  fell  there  yearly.  I.  showed,  however, 
that  such  records  as  there  were  even  on  the  question  of  the  rainfall  at 
Yehar  were  utterly  unreliable ;  that,  while  it  had  always  been  supposed 
that  the  rainfall  at  Yehar  was  considerably  In  excess  of  that  at  Bombay, 
the  records  threw  doubt  even  on  this  conclusion ;  that  under  these  cir- 
cumstances I  preferred  to  assume  that  the  rainfall  was  what  Mr,  Cony- 
beare  and  Mr.  Aitken  had  assumed  it  to  be— viz.,  102  inches,  or  8j^  feeit 
per  annum.  To  this  I  added  12  inches,  or  about  12  per  cent,  to  obtain 
the  rainfall  at  Toolsee,  which  was  thus  calculated  to  be  9|^  feet.     I  rea- 

*  I  find  now  that  ttM  lerela  of  an  the  dams  which  were  nfccrcd  bj  tlM  Bamyor,  lir.  Fkvafeon,  to 
tha  anppoaedlevela  of  thaVaharLaka,  an  wrong  by  nearly  fifteen  feefe.  ThaoorvBCttovalitia  given 
in  the  accompanying  drawingSi  PlaUt  XXTX.  and  XXX, 
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Boned  thns :  the  rainfall  at  Bombay  is  75  inches,  and  the  rainfall  rt 
Yehar  (102  inches)  is  86  per  cent,  in  excess  of  it.  Bat  Toolsee  lies  m 
much  (200  feet)  aboTe  Yehar  as  Yehar  lies  abore  Bembay.  Now  it  is 
an  indispntable  fact  that  in  the  Concan  the  higher  the  position,  the  greater, 
is  the  rainfall.  Thus  then  if  the  rainfall  at  Yehar  is  36  per  cent.  aboTi 
that  of  Bombay,  the  rainfall  at  Toolsee  should  most  certainly  exceed  Unit 
at  Yehar.  I  assumed  this  excess  to  amount  to  only  12  per  cent,  on  ilw 
Yehar  rainfall,  *  and  I  therefore  took  the  total  rainfall  at  Toolsee  to  bt 
9^  feet. 

The  area  of  the  Toolsee  gathering  ground,  exclasiye  of  that  of  the  IalE%;, 
which  is  214  acres,  is  1,233  acres.f     Assuming  the  evaporation  on  tiie: 
lake  to  amount  to  fire  feet  per  annnm,  I  pnt  the  following  fact  before  tiie 
Committee : — 


On  the  supposition  of  the  rainfall  at  Toolsee 
being  12  per  cent  in  excess  of  that  at  Ve- 
har  and  <^ths  of  total  rainfall  being  col- 
lected on  the  gathering  ground. 


On  the  supposition  of  the  rainfall  at  Toolsee 
being  12  per  cent,  in  excess  of  that  at 
Yehar,  and  -^ths  of  total  rainfall  being 
collected  on  the  gathering  ground. 


Quantity  collected 
from  over  surface 
of  lake, 

Da  from  gathering 
ground,     

Total  Gallons,  . . 

Quantity  collected 
from  over  surface 
of  lake 

Do.  from  gathering 
ground,    

Total  Gallons, . . 


Gallons. 

262,176,750 
2,551,132,800 


2,813,309,550 


262,176,760 
2,232,300,263 


2,494,477,012 


The  water  was  proposed  to  be  brought  to  Bombay  through  an  iron  pipe 
nndcr  the  pressure.  In  the  former  case  the  pipe  was  to  be  30  inches  in 
diameter,  and  the  main  dam  96  feet  high,  while  the  cost  of  the  works  was 
estimated  at  36  lakhs.  In  the  latter  case,  the  pipe  was  to  be  27  inchet 
in  diameter,  and  the  dam  87  feet  high,  while  the  cost  of  the  project  was 
reckoned  at  23{  lakhs. 

The  Committee  appointed  bj  the  Bench  came  to  the  conclusion  that 
not  more  than  four  gallons  per  diem  per  head  of  the  population  could  be 
obtained  from  the  Toolsee  yallcy,  and  they  estimated  the  cost  of  the  works . 

•  The  observatioiis  t«tai  in  1870  showed  the  ninfell  in  the  Tbolaee  Telley  to  be  almoet  ezaetlj  M 
per  cent.  In  focoen  of  that  at  Yehar,  hot  I  am  not  inclined  to  place  mach  reliance  on  the  oLauia- 
tions  of  a  idngle  year.  The  monaoon  of  1871  failed,  but  the  rainfaU  in  Tbolaee,  M  inchea,  waa  40  per 
oent  Id  axoesi  of  that  at  Yehar,  80  inobee. 

t  The  capMttj  of  tha  lake  is  giTOi  on  Plate  ZZIZ.  Vor  inf onnation  zegaidiog  tiM  dani^  •*!» 
PfoteZZX. 
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>  secure  this  supply  at  25  lakhs.  Oa  the  general  question  of  water- 
apply  they  expressed  themselyes  thus : — 

'<  We  are  of  opinion  that  Toolsee  should  not  be  undertaken  unless  it  be 
tiown  conclusirely  that  no  better  scheme  is  practicable.  This  has  not  been 
one  yet ;  and  we  therefore  recommend  that  in  the  first  place  the  Kennery 
cheme  be  carefully  worked  out  as  soon  as  possible.  To  do  this  it  will  be 
ecessary  to  have  an  accurate  contoured  survey  of  the  yalley,  and  a  survey 
nd  section  of  the  line  of  main  into  Bombay.  If  while  this  is  in  progress, 
!)aptain  Tolloch  can  find  another  site  more  favorable,  he  should  report 
»n  it." 

Acting  on  the  spirit  of  the  Committee's  recommendations,  I  at  once 
legan  an  examination  of  the  surrounding  country,  and  a  series  of  surveys 
f  such  valleys  as  I  thought  most  suitable  to  the  purposes  of  the  town  ; 
»at,  just  as  the  work  was  drawing  to  a  close,  and  while  I  was  engaged  in 
ireparing  this  Report,  a  sudden  and  severe  illness,  contracted  while  pro- 
lecQting  my  out-door  duties,  compelled  my  immediate  departure  to  Eng- 
ando  on  the  14th  October,  1871.  Shortly  after  this,  and  in  consequence 
>f  the  failure  of  the  monsoon,  the  question  of  water-supply  assumed  great 
)Tominence,  and  in  NoTember  my  successor  in  the  office  of  Executive  En- 
l^eer  to  the  Municipality,  Mr.  Eienzi  Walton,  was  called  upon  to  submit 
mother  report  on  the  capabilities  of  the  Toolsee  Valley.  This  report, 
irith  plans,  was  ready  by  the  end  of  December.* 

Mr.  Walton  was  of  opinion  that  about  1 ,340,000,000  gallons  yearly, 
or  3,670,000  gallons  daily  could  be  obtained  for  use.  This  would  be 
univalent  to  4^  gallons  per  head  per  diem  during  a  twelve  month  for  the 
supposed  population  at  that  time — viz.,  850,000,  but  equal  to  rather 
more  than  5^  gallons  per  head  per  diem  per  annum  for  the  recently  as- 
certained population — viz.,  650,000. 

In  his  first  project  Mr.  Walton  did  not  propose  to  impound  any  water 
for  use  in  the  Toolsee  Valley,  but  to  throw  the  entire  aviulable  supply  into 
the  Vehar  Lake.  A  dam  35  feet  high  was  to  be  built  across  the  Toolsee 
stream,  and  the  water  was  to  be  led  from  the  small  reservoir  thus  formed 
into  the  Vehar  Lake,  by  a  tunnel  under  the  dividing  ridge  between  the 
two  yalleys.  This  tunnel  was  to  be  10  feet  wide  and  7  feet  high,  and  to 
have  a  slope  of  20  feet  per  mile.  Mr.  Walton  was  careful  to  remind  the 
public  that  only  in  the  event  of  the  lake  being  sufficiently  low  to  admit  of 

*  fUt  TtoimkmiX  Pspen  on  Indian  BnginMring,  Second  Series,  YoL  1.,  page  830,  No.  ttttt. 
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its  holding  the  extra  quantity  of  water  conld  the  latter  be  made  arailable. 
In  any  other  case,  the  water  most  necessarily,  after  flowing  into  the  lake^ 
run  to  waste  over  the  weir. 

In  his  second  project  Mr.  Walton  proposed  to  imponnd  water  to  snob 
a  height  (64  feet)  as  to  utilize  the  ridge  of  hills  between  Vehar  «nd 
Toolsee  as  a  waste  weir,  so  that  the  surplus  water,  after  the  new  reser- 
Toir  became  full,  might  pass  into  the  Vehar  Lake.  The  capaoitj  of 
the  new  reservoir  was  ascertained  to  be  581,000,000  gallons,  or  saj  2^ 
gallons  per  head  per  diem  for  one  year  for  a  population  of  650,000.  If 
the  Vehar  Lake  happened  to  be  full,  the  surplus  water  was  to  be 
temporarily  dammed  up  on  the  ridge,  and  passed  over  a  weir  near  the 
Toolsee  Dam. 

No.  8  Project  differed  "  from  No.  2  only  in  having  higher  dams,  and 
consequently  increased  storage.'*  The  dam  was  to  be  74  feet  high,  and 
the  capacity  of  the  lake  1,451,000,000  gallons,  equivalent  to,  say,  six 
gallons,  per  head  per  diem  for  650,000  people  for  one  year.  In  this  case 
a  dam  21  feet  high  was  proposed  on  the  ridge  between  Toolsee  and 
Yehar.  The  arrangements  for  drawing  off  the  surplus  water  were  bIhu- 
lar  in  their  nature  to  those  proposed  in  No.  2  Project. 

Mr.  Walton  estimated  the  cost  of  the  different  Projects  at.  No.  1, 
Bs.  1,38,315— No.  2,  Rs.  1,75,221— No.  3,  Rs.  3,59,153.  He  strongly 
recommended  the  last,  and  showed  its  great  superiority  to  the  other  two. 
This  project,  with  some  slight  modi6cations  proposed  by  Mr.  Ormiston^ 
was  approved  by  the  Bench,  and  an  application  was  made  to  Government 
for  five  lakhs  of  rupees — the  sum  which  Mr.  Ormtston  estimated  the 
works  would  cost.  The  Government  offered  the  Bench  fonr  lakhs  only. 
Some  correspondence  passed  on  the  subject,  but  tlie  ultimate  result  was 
that  the  season  was  too  far  advanced  to  admit  of  much  work  being  done 
till  after  the  monsoon. 

The  reader  having  now  been  made  acquainted  with  the  main  events 
which  have  occurred  in  connection  with  the  water-supply  of  Bombay 
during  the  last  quarter  of  a  century,  will  be  in  a  better  position  to  fotm 
a  judgment  on  this  most  important  subject. 

H.  T. 


(pjovt^s^ondintt. 


To  th4i  Editor, 


81B,—- On  reftding  Paper  LXV.  on  the  Margohi  Cement,  it  has  occurred  to  me  to 
Boggeat  to  the  gentlemen  engaged  on  this  interesting  inyestigation,  that  their  ezperi- 
mentB  would  be  much  more  satisfactory  and  generally  available  for  comparison,  if 
thej  adopted  a  procedure  similar  to  that  commonly  used  at  home  for  snch  enqniries, 
BO  aa  to  throw  their  results  into  the  same  form  as  the  great  mass  of  data  already 
■ccnmnlated  r^^arding  the  cements  now  in  common  nse,  particularly  Portland,  the 
moit  important  of  any,  (vid^  Minutes  of  Proceedings  of  the  Institution  of  CiTil 
Engineers,  Vols.  XXV.  and  XXXn). 

I  would  also  venture  to  remark  that  the  experiments  recorded,  pages  18-20  of  your 
February  Number,  are  hardly  sufficient  to  justify  the  conclusion  that  the  new  cement 
is  equal  to  English  Portland  ;  it  is  quite  possible  it  may  be  so,  but  cannot  be  taken  as 
proved.  Only  one  experiment  was,  if  I  understand  right,  made  with  each  kind  of 
cement,  and  the  method  and  apparatus  described  are  both  very  liable  to  have  their 
resnlts  affected  by  many  things,  besides  the  strength  of  the  cements  ;  now  with  the 
most  perfect  apparatus  yet  devised  or  used,  it  is  generally  only  considerd  safe  to  gene- 
ralise from  the  average  of  a  large  number  of  experimentsi 

It  is  not  quite  clear  whether  the  fracture  took  place  through  the  mortar  in  any  of 
the  experiments  ;  if  the  mortar  merely  separated  from  the  bricks,  the  resnlts  are  rather 
indications  of  the  goodness  of  the  bricks  and  of  the  workmanship  in  putting  them 
together,  than  of  the  relative  strengths  of  the  cements.  I  am  inclined  to  think  that 
the  results,  for  Portland  at  all  events,  must  have  been  vitiated  in  some  such  way, 
because  an  ultimate  tensile  strength  per  square  inch,  ten  or  twelve  times  as  great  as 
that  now  assigned  to  a  joint  made  with  it,  is  commonly  obtained  from  it  (and  indeed 
insisted  upon  as  a  mater  of  contract)  at  home  ;  and  as  the  sample  under  trial  ia  stated 
to  have  been  *'  just  imported  and  in  good  condition/'  it  seems  scarcely  possible  that  so 
great  a  deterioration  should  have  taken  place.  The  precaution  was  probably  taken 
of  using  a  mixed  sample  from  different  packages,  otherwise  the  variations  in  quality 
to  which  single  packages  are  subject,  are  sometimes  quite  sufficient  to  seriously  affect 
the  validity  of  results  obtained  from  them. 


W.  IKNES,  Capt.,  R.E. 
10th  April,  1873. 
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into  the  Taiinah  Creek.  Tlie  area  of  these  three  valleys  are,  ronghlf 
speaking)  about  e<|ual  to  each  other.  Each  otTors  us  six  square  miles  cf 
gatheriug  ground,  so  that  if  we  take  the  rainfall  in  the  Yehar  valley  m 
the  average  rainfall  over  all,  three  times  the  supply  which  we  now  obtaio 
from  Vehar,  or  say  25,000,000  gallons  per  diem,  will  fairly  represeut  thfl 
utmost  capabilities  of  Salsette.  ' 

Geologically  there  is  but  one  formation — trap.  Such  other  strata  u 
may  be  found  on  these  hills  are  merely  superficial  deposits,  belovr  wbich| 
at  a  few  feet  of  depth,  the  same  characteristic  rock,  and  gcnerallj  of  a 
hard,  unyielding  nature,  will  invariably  be  met  with. 

Thus,  then  at  present  we  have  found  two  valleys  which  require  to  b« 
investigated — the  Kennery  valley,  and  the  Ewoor  valley.  The  facta  of 
these  will  be  given  in  full  detail  hereafter.* 

If  we  leave  Salsette  and  return  to  Bombay,  and  then,  crcssing  the 
harbour,  pass  on  to  the  mainland,  we  shall  find  under  our  feet  a  low-lying 
country  with  numerous  rivers,  all  flowing  westward,  and  with  numerous 
ranges  of  hills  of  varying  heights,  some  connected  with  each  other,  others 
standing  by  themselves.  We  shall  also  find  the  land  steadily  rising  to- 
wards the  east,  and  our  progress  in  the  distance  threatened  by  the  chain 
of  mountains  on  which  that  lovely  little  sanitarium,  Matheran,  lies  nestled. 

Close  to  the  village  of  Owleh,  near  Panwell,  lies  a  basin  of  about  eight 
miles  superficial  extent,  that  is,  one  not  much  larger  than  the  Yehar  val- 
ley. As  the  tide  rises  above  Panwell,  it  will  be  clear  that  a  reservoir 
formed  in  this  locality  must  necessarily  bo  a  low-lying  one.  In  addition 
to  this  drawback,  there  is  nothing  that  can  be  termed  a  site  for  a  dam.  A 
search  in  this  direction  will  be  useless. 

Leaving  Panwell,  therefore,  and  taking  a  direct  course  to  the  east,  the 
first  valley  which  presents  itself  to  us  for  examination  is  about  four  miles 
off,  near  the  village  of  Akorlee.  In  spite  of  the  large  gathering  ground 
which  it  offers,  a  very  cursory  glance  at  its  features  will  satisfy  us  that 
it  will  not  answer  our  purposes.     It  lies  but  thirty  feet  above  the  sea^  so 

•I  flbonld  znontion  horc  that  it  ia  not  my  intont{nn  to  consider  the  Vtrvrny  valley,  the  facte  in  con^ 
nection  with  which  were  given  by  Mr.  A.itkon.  iii  hl4  Uc|>ort  on  the  wuter-snpply .  The  sohcoie  hai 
been  condemned  bocaaie  there  is  an  unanimoim  opinion  amon(?  all  the  intelligent  and  eilncated  in* 
hftbltanta,  that  no  project  whnnld  be  ent<!rtaine<l  for  the  coni'tniction  of  a  rc.iorv-oir,  the  mfety  of  which 
is  at  aU  dependent  on  the  iiafoty  of  Vehar.  Poway  Ucn  immediately  below  two  of  the  Vehar  dams,  nd 
if  anything  happened  to  the  latter,  there  would  be  very  little  left  of  the  Poway  rcaervoir.  On  th* 
tame  ground  the  lower  portion  of  the  Marolo  («.  «.,  the  Yehar)  valley  has  uot  been  investigated  by  me. 
nor  is  it,  indeed,  at  all  loitcU  to  our  purposes* 
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that  this  lake  also  would  be  at  a  low  lerel.  Here  too  there  is  no  gooi 
site  for  a  dam,  which,  if  erected,  would  require  to  be  two  miles  long,  and 
would  cost  an  enormous  sum  of  money.     Let  us  try  the  valley  higher  up. 

About  five  miles  to  the  east  of  Akorlee,  near  the  village  of  Gadheh,  the 
Talley  begins  to  contract.  In  travelling  up  the  stream,  moreover,  we 
have  risen  a  hundred  and  thirty  feet,  so  that  while  before  we  were  stand- 
ing on  ground  only  thirty  feet  above  the  sea,  now  we  are  one  hundred  and 
sixty  feet  above  that  level.  But  we  have  lost  nearly  two-thirds  of  our 
former  gathering  ground,  for  whereas  the  valley  above  the  village  of  Akorlee 
has  an  area  of  forty-five  miles,  above  Gadheh  it  has  only  fifteen.  Near 
Gadheh  itself  there  is  no  good  site  for  a  reservoir.  A  dam  80  feet  high 
would  be  a  mile  and  a  quarter  long,  and  one  a  hundred  feet  high  would  be 
nearly  two  miles  long.  About  half  a  mile  further  up  the  river,  near  Dham- 
nee  a  lake  might  be  formed,  vide  Plate  XXXI.  But  now  the  gathering 
ground  is  still  further  reduced  from  fifteen  to  ten  square  miles.  This 
objection  may  be  got  over  in  the  miuds  of  some,  on  the  consideration  that 
the  rainfall  in  this  region  is  tremendous,  and  that  these  ten  miles  of  col- 
lecting area  would  be  really  equivalent  to  forty  or  fifty  miles  anywhere 
else.  On  the  other  hand,  others  may  urge  that  the  heavy  fall  of  three 
hundred  inches  yearly  at  Mathcran  is  confined  to  the  plateau  itself,  the 
area  of  which  is  trifling,  and  that  the  rainfall  in  the  valleys  is  probably 
the  same  as  that  in  other  similar  localities.  Be  this,  however,  as  it  may, 
there  is  unfortunately  no  storage  capacity  at  Dhamnee  for  a  large  body  of 
water.  The  streams  run  through  gorges  and  have  rapid  falls — falls  of 
from  seventy-five  to  nearly  a  hundred  feet  per  mile  I  Even  a  dam  1 70  feet 
high  would  not  send  the  water  back  more  than  about  two  miles,  and  this 
only  in  the  main  streams.  In  fact,  a  dam  higher  than  the  highest*  in  the 
world,  and  five  times  longer,  would  not  give  us  a  lake  of  greater  super- 
ficial extent  perhaps  than  that  of  Yehar.  Thus,  although  there  may  be 
abundance  of  water  available  for  our  purposes,  and  at  a  fair  height  above 
Bombay.  Still  the  physical  features  of  the  country  do  not  admit  of  its 
being  stored,  except  at  an  enormous  cost,  nor,  as  will  be  shown  presently, 
of  its  being  brought  into  Bombay,  except  at  a  greater  one. 

It  is  no  use  to  follow  this  valley  any  higher.  The  gathering  ground 
rapidly  contracts,  and  all  the  objections  already  urged  increase.     Let  us 

*  The  Furens  dam,  near  St.  Etiennc  in  France.  It  is  164  feet  high  and  about  .330  feet  long.  Vide 
No.  LXniI.  of  Profcasionol  Papers  on  Indian  Engineering,  Second  Scries,  for  fuller  information 
regarding  this  work.    Ftde  also  Fig.  6,  Plate  VII.  of  the  above-mentioned  Article. 
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retrace  our  steps  for  some  two  or  three  miles,  and  then,  proceeding  iiv    ^ 
south-westerly  direction,  let  us  stop  at  the  village  of  Chcckleh.     Bef(^^^ 
us  stands  the  giant  Prubhnl  pouring  his  waters  down  in  numerous  streanc:^ 
which  meet  at  our  very  feet,  but  defying  us  to  intercept  them.     No  dai 
which  we  could  construct  here  would  be  of  any  use,  and  higher  up  tto- 
valley  we  could  not  manage  without  two  very  expensive  works.     Let  uc^ 
pass  through  the  gap  in  the  range  of  hills  to  the  south,  and  continue  ou. 
search  eastward. 

We  now  come  upon  two  promising  valleys  with  a  combined  area  o. 
over  twenty  square  miles,  and  with  a  great  water-supply.  These  tw( 
valleys,  in  fact,  are  the  main  recipients  of  the  floods  which  fall  upoi 
Matheran,  and  they  join  their  waters  together  close  to  the  village  o1 
Chowk.  Here  then  clearly  would  be  abundance  of  water  for  our  pur^ 
poses  if  we  could  collect  it.  Unfortunately,  however,  the  spur  on  th^ 
east  is  very  low,  lower  even  than  the  dam  which  would  be  required.  W^ 
could  not  in  fact  intercept  the  two  rivers  after  their  junction  at  all.  The 
only  plan  would  be  to  deal  with  each  river  separately.  But  an  attempt  to 
do  this  even  would  be  at  great  cost.  The  accompanying  plan,  vide  Plate 
XXXII.,  gives  a  section  of  the  western  valley  by  itself,  the  more  favor- 
able one  of  the  two,  and  it  will  be  scon  that  a  dam  a  hundred  feet  high 
would  be  not  only  nearly  a  mile  long,  hut  which  is  really  the  point  to  look  to 
regarding  all  dams,  very  high  for  the  greater  portion  of  the  length.  'The 
valley,  moreover,  rises  too  rapidly  (120  feet  in  two  miles)  to  admit  of  the 
storage  of  much  water,  nor  docs  it  lie  so  high  above  Bombay  as  could  be 
desired.     We  should  not  in  fact  have  sufficient  pressure  for  our  purposes. 

The  eastern  valley,  with  charact»»ristics  similar  to  those  of  the  western 
one,  offers  us  even  still  less  hope  of  success. 

Thus  the  hills  about  Matheran,  in  spite  of  the  heavy  rains  which  pour 
on  them,  and  in  spite  too  of  their  comparatively  short  distance  from  Bom- 
bay, do  not  offer  those  facilities  for  water-supply  of  which  the  Engineer  id 
in  search.  There  are  no  flat  wide  opening  valleys,  narrowing  suddenly 
into  gorges.  On  the  contrary,  either  the  ground  from  the  bottom  of  the 
valleys  rises  on  each  side  with  too  great  a  slope  to  admit  of  the  storage 
of  much  water,  or  the  streams  have  too  rapid  falls,  or  there  are  no  very 
narrow  gorges  suitable  for  dams.  Nature  evidently  had  not  the  common 
place  question  of  the  water-supply  of  Bombay  in  her  mind,  when  she  fash* 
ioned  these  grand  old  hills  into  their  present  pictaresque  forms. 
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:ription  of  the  country  about  Bombay 
th  reference  to  the  "bombay  water- 

SUPPLY/' 

r  Vide  Index  Map  ami  Tlatcs  XXXL  to  XXXIV.] 


By  Major  IIkctor  Tulloch,  R,E. 


amine  a  map*  of  the  surrounding  country  about  Bombay,  we  find 
town  stands  on  an  island  about  eiglit  miles  long  and  two  miles 
rhis  island  is  separated  from  the  mainland  by  an  arm  of  the  sea, 
orming  the  harbour,  and  gradually  narrowing  into  a  creek,  runs 
b  25  miles  in  a  northerly  direction,  and  then,  suddenly  taking  a 
he  west,  issues  into  the  Indian  Ocean  near  the  ancient  town  of 
This  tortuous  creek  forms  a  second  island,  known  to  us  as  Sal- 
l  having  an  area  of  over  150  square  miles.  It  presents,  moreover, 
features .  which,  for  the  purposes  of  water-supply,  have  always 
I  much  attention,  and  therefore  deserve  tlie  fullest  consideration 
nds.  The  centre  portion  consists  of  several  ranges  of  hills,  some 
;  an  altitude  of  over  fifteen -hundred  feet  above  the  sea.  Even 
ys  between  the  ranges  are  at  a  great  height,  and  have  a  consider- 
mand  of  elevation  over  Bombay.  Of  those  valleys,  however,  three 
of  any  practical  use  for  the  purposes  of  so  large  a  town.  The 
not  sufficiently  extensive  in  area  to  meet  its  wants.  The  south- 
valley,  that  known  as  Vehar,  has  already  been  utilized.  There 
wo  others ;  the  Kennery  valleyf  which  debouches  to  the  north-west, 
Bwoor  valley,  which,  carrying  its  waters  northwards,  throws  them 

'Index  Map." 

lolsee  yalley  Tvhich,  later  on  in  this  Report,  I  hare,  at  the  rminnt  of  the  late  Mnnlctpat 

ler,  Mr.  Hope,  gonfi  into  thoroaghl}*,  forms  merely  the  upper  portion  of  the  Kennery  Tal« 

therefore,  compri(>cd  in  it. 
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Let  US  leave  Chowk  and  travel  southwards,  and  this  will  bring  ns  into 
a  large  valley  fed  with  rain  from  the  precipitous  heights  of  the  western 
ghats.  Near  the  village  of  Khalapore,  where  the  valley  narrows  to  a 
width  of  about  two  miles,  would  seem  to  be  the  most  natural  site  for  the 
dam.  A  reference  to  the  accompanying  plan,  vide  Plate  XXXII.,  will 
show  how  expensive  the  dam  would  be.  But  this  is  not  all.  Two  more 
dams  would  be  required  to  stop  up  other  gaps  in  the  hills,  and  worse  than 
every  other  objection  is  the  fact  that  the  valley  lies  very  low,  fifty  feet 
below  even  the  Vehar  basin.  As  the  pressure  from  the  Vehar  Lake  is 
only  just  sufficient  for  our  purposes,  it  is  manifest  that  the  pressure  from  a 
basin  so  low  and  so  far  away  as  Khalapore  would  not  suffice. 

Before  leaving  this  part  of  the  country,  and  in  order  to  thoroughly  con- 
vince the  reader,  in  fact  to  leave  no  room  for  doubt  in  his  mind,  of  the  ex- 
pense and  inadvisability  of  drawing  our  water-supply  from  any  of  the  val- 
leys about  Matheran,  or  to  the  east  or  south-east  of  Bombay,  I  will  now 
point  out  to  him  other  and  insuperable  difficulties,  which  apply  without 
exception  to  every  reservoir  that  may  be  formed  in  this  direction. 

This  part  of  the  country,  however  promising  it  may  look  on  account  of 
its  proximity  to  Bombay  in  a  direct  line,  can  only  be  considered  close  to 
us  practically  if  the  water  is  conveyed  to  the  town  by  a  direct  route. 
Kow  let  me  point  out  what  this  would  involve.  It  must  involve  a  tunnel 
under  some  part  or  other  of  the  harbour.*  I  have  not  omitted  to  consider 
this  matter  carefully,  and,  if  I  had  had  any  hope  of  overcoming  the  diffi- 
culties of  constructing  such  a  tunnel  without  the  risk  of  its  having  to  be 
abandoned  ultimately,  I  should  have  added  another  to  the  present  projects, 
and  submitted  one  for  the  supply  of  the  town  from  the  east  or  south-east. 
But  let  me  proceed  to  cx])lain. 

There  are  two  routes  we  may  take  across  the  harbour.  The  first  fs  from 
the  mainland  to  Elephanta,  and  on  from  Elephanta  to  Trombay ;  and  the 
second  is  from  Elephanta  to  Butcher's  Island,  and  straight  across  to  Ma- 
zagon.  Along  the  former  route,  there  would  be  a  tunnel  more  than  1^ 
miles,  or  7,920  feet  long,  and  it  would  be  under  water  fifty  feet  deep.  As 
it  would  be  practically  impossible  to  have  a  shaft  anywhere  along  the  line, 
it  follows  that  the  headings  would  be  3,960  feet  long — that  is  to  say,  that 
from  each  end  we  should  have  to  pierce  a  tunnel  of  this  length,  before  the 
two  met  in  the  middle.    Now  suppose  the  rate  at  which  we  could  advance 

•  Vidt  "  Index  Map." 
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Liear  Tannah,  say  from  the  Toolsee  or  Ewoor  valleys,  would  necessitate 
;«a  miles  only  of  iron  pipes,  while  to  bring  water  from  the  nearest  yalleys 
xi  the  neighbourhood  of  Panwell  would  involve  us  in  a  cost  of  from  six- 
teen to  twenty  miles  of  pipes. 

The  route  which  a  high  level  conduit  from  the  direction  of  Matheran 
ifould  have  to  take,  is  marked  on  the  Map,*  and  a  reference  to  it  will 
show  that,  if  this  mode  of  bringing  the  water  to  Bombay  were  adopted, 
the  channel  would  be  no  shorter  than  those  from  other  reservoirs  possess- 
ing advantages  which  are  not  to  be  found  in  the  valleys  about  Matheran. 

When  all  these  points  are  considered — the  cost  and  risk  of  tunnelling 
ander  the  harbour — the  time  required  to  complete  such  a  work — the 
chance  of  the  tunnel  having  to  be  abandoned  tiirough  unforeseen  difficul- 
ties arising  in  its  construction — the  delays  that  would  take  place  in  repair- 
ing the  main  when  it  burst — the  heavy  cost  of  the  pipes — the  great 
pressure  of  water  to  which  the  pipes  would  be  constantly  subjected — the 
indifferent  sites  for  Dams — the  want  of  storage  capacity  in  the  basins^- 
and  lastly,  the  length  of  the  channel,  if  a  high  level  conduit  were  adopted 
— the  public  will  perhaps  be  disposed  to  agree  with  me,  that,  not  until  it 
has  been  proved  that  we  cannot  obtain  water  from  elsewhere,  should  we 
be  justified  in  attempting  to  bring  it  from  beyond  the  harbour.f 

I  have  now  run  cursorily  over  nearly  all  the  country  lying  to  the  east 
of  Bombay,  and  to  the  west  of  the  ghats.  I  do  not  think  it  necessary  to 
enter  on  the  features  of  the  valleys  situated  to  south  of  the  Patalgnnga 
river,  because,  however  favorable  a  reservoir  so  far  south  may  be  found, 
still  the  cost  of  bringing  the  water  to  Bombay,  in  consequence  chiefly  of 
the  obstruction  which  the  harbour  presents,  must  be  so  great,  and  the  risk 
of  failure  is  so  probable,  that  the  public  would  never  entertain  a  project 
of  this  character. 

Being  close  to  the  railway  station  of  Kurjut,  let  us  travel  northwards 
and  stop  at  Callian,  the  junction  of  the  two  trunk  lines  of  the  Great  Indian 
Peninsular  Railway.  This  will  be  an  admirable  stand-point  of  view  for  a 
large  tract  of  country.  It  will  be  seen  that  close  to  this  town  meet  all 
the  rivers  from  the  western  ghats,  which  take  their  rise  in  the  great  extent 
of  country  lying  between  the  Tull  Qhat  to  the  north,  and  the  Bhore  Qhat 

•  Vide  "  Index  Map." 

t  Should  a  Birkenhead  Rpring  np  in  the  future  about  Hog  Island,  the  basins  near  Matheran  might 
then  be  turned  to  account  for  its  supply. 
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to  the  south — a  distance  apart  of  over  sixty  miles.     It  is  well  known  thai 
the  rainfall  along  the  Western  ghats  is  among  the  heaviest  in  the  world, 
and  that  during  the  monsoon,  the  rivers  which  have  their  sources  in  thei 
bring  down  enormous  quantities  of  water — floods  which  no  engineering^ 
works  could  possibly  impound  anywhere  in  the  neighbourhood  of  Callian.^ 
No  part  indeed  of  the  country  about  Bombay  offers  so  few  facilities  foi^ 
the  storage  of  water  as  this  district. 

A  glance  at  the  Map  will  show  that  on  the  south  and  on  the  weRt  are 
wide  plains,  and  that  in  the  other  directions,  instead  of  the  ranges  of  hills 
which  we  meet  elsewhere,  we  have  merely  solitary  hills  standing  apart 
from  each  other,  as  if  they  had  passed  a  resolution  among  themselves  to 
give  the  rivers  as  wide  a  berth  as  possible  for  their  impetuous  careers. 
There  are  three  principal  rivers.  Let  us  begin  by  following  the  course  of 
the  southern  one. 

It  will  be  seen  that  the  Poona  line  of  the  G.  I.  P.  Railway  runs  along 
the  valley  of  the  Oolas,  and,  therefore,  that  to  dam  up  this  river  anywhere 
in  its  course,  would  simply  be  tantamount  to  swamping  the  railway.  This 
being  out  of  the  question,  the  only  point  is  whether,  as  the  main  stream 
is  not  suited  to  them,  some  of  its  tributaries  might  not  answer  our  pur- 
poses. The  country  through  which  the  Posree,  the  Khansce,  the  Dhavree, 
the  Chillar  and  the  Mecrcholce  flow,  is  open  to  the  same  objections  as 
that  about  Mathcran.  The  fact  of  its  being  further  from  Bombay  gives 
still  greater  force  to  these  objections.  In  addition  to  this,  these  tributaries 
soon  after  leaving  the  ghats  flow  over  ground  unsuited  to  the  construction 
of  dams,  and  continue  their  courses  apparently  with  a  fixed  determination 
not  to  be  so  foolish  as  to  be  caught  passing  through  a  gorge.  Thus  the 
large  tract  of  country  between  the  Matheran  range  and  the  Western  Ghats, 
well  fed  as  it  is  with  rain,  is  singularly  innocent  of  any  intention  to  gratify 
our  propensities  for  storing  water. 

Leaving  this  ungrateful  district,  let  us  follow  the  career  of  the  only 
other  tributary  of  the  Oolas.  The  Bhurvee  is  fed  by  two  rivers,  both  of 
which  rise  in  the  Western  Ghats.  Mr.  Aitken,  the  late  Executive  En- 
gineer to  the  Municipality,  examined  the  valleys  of  these  small  tributaries, 
and  I  think  he  did  wisely  in  preferring  the  northern  one.  It  is  in  fact  on 
this — viz.,  the  Moorbaree,  that  the  site  for  the  Shewla  reservoir  proposed 
by  him  is  to  be  found.  So  far  as  their  positions  with  reference  to  Bombay 
are  concerned,  neither  river  possesses  any  advantage  over  the  other ;  bat 
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Moorbaree  rnns  in  a  much  higher  bed.  A  reference  to  the  Map  will 
(liow  that  while  near  Shewla,  the  bed  of  the  Moorbaree  is  328  feet  above 
latnoi  (say  226  above  Bombay)  the  bed  of  the  Mohoghur  at  TondleCi 
^hich  is  practically  about  the  same  distance  from  Bombay  as  Shewla,  does 
not  rise  to  more  than  2  60  feet  above  datum  (160  above  Bombay).  Thus  there 
La  a  difference  of  68  feet  to  the  advantage  of  tlie  Moorbaree.  This  com* 
mand  of  elevation  enables  the  Engineer  to  give  a  better  slope  to  his  deli- 
very channel,  whether  it  be  a  pipe  or  a  conduit,  and  thus  to  obtain  either 
a  greater  discharge  of  water  at  the  same  cost,  or  an  equivalent  discharge 
at  a  less  cost  The  valley  of  the  Mohoghur  having,  however,  been  inves- 
tigated, it  is  my  duty  to  present  the  facts  to  the  Bench,  and  the  accom- 
panying plan,  vide  Plate  XXXIII.,  shows  the  extent  of  the  reservoir,  and 
the  height  and  length  of  the  dam  near  Tondlee. 

It  may  occur  to  many,  on  examining  the  map,  that  there  are  two  gorges^ 
on  the  Mohoghur  nearer  to  Bombay  than  Shewla,  and  requiring  explana- 
tion.  The  first  occurs  near  the  village  of  Mandweh.  Here  unfortu* 
nalely  the  river  is  150  feet  below  the  Moorbaree  at  Bhewla,  so  that,  even 
if  the  site  for  the  dam  were  a  good  one,  which  it  is  not,  this  superior 
elevation  of  the  Shewla  reservoir  would  more  than  counterbalance  any 
slight  advantage  of  distance.  The  other  gorge  occurs  near  the  village  of 
Mohoghur,  where  there  is  an  admirable  sight  for  a  low  dam,  as  the  ac- 
oorapanying  plan  will  show,  but  the  storage  capacity  is  inferior,  and  the 
fact,  vide  Plate  XXXIII.  of  the  river  being  still  more  than  a  hundred 
feet  below  the  Moorbaree  at  Shewla  condemns  the  valley.  Taking  this 
part  of  the  country  by  itself,  it  is  probable  that  the  Shewla  is  the  best  re- 
servoir to  be  found  in  it.* 

The  Bench  of  Justices  have  already  had  submitted  to  them  by  their  for- 
mer Exec.  Engineer,  a  project  for  supplying  Bombay  with  water  from 
the  Shewla  source,  and  I  havef  already  given  as  full  an  account  of  it  as 
seems  necessary.  I  have  given  the  account,  moreover,  in  Mr.  Aitken*s 
own  words,  so  that  the  project  might  be  judged  not  through  what  I  might 
aay  of  it,  but  by  the  help  of  the  projector  himself.  My  own  feelings 
prompt  me  to  abstain  from  criticism ;  but,  as  I  do  not  recommend  the 
construction  of  the  Shewla  reservoir,  I  must  in  duty  to  the  Bench  state 

*  Th«  aboT«  Information  regarding  tho  Moorbarae  and  If ohoghnr  Tallcji  la  takn  from  tha  anrnj 
made  under  Mr.  Altken. 

f  rtfdc  pages  203  and  208,  aleo  Plata  XZV-  and    ZXYI-  of  Ko-  LXXVn-,  Protedonal  Fapen 
on  Indian  Bngineerlng,  Second  Series. 
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my  reasons.  In  a  report  professing  to  treat  the  qaestion  of  water  supply 
in  considerable  detail,  it  would  not  indeed  be  fair  to  tlie  Jastices  for 
me  tq  ignore  a  scheme  prepared  after  a  labor  of  more  than  two  yean, 
and  offering  to  the  town  a  larger  supply  than  had  ever  before  been  pro- 
posed. 

The  reasons  then  why  I  do  not  look  favorably  on  the  Shewla  resenroir 
are  these.  It  is  badly  situated  for  a  high  level  conduit,  the  supply  from 
it  is  not  capable  of  the  same  amount  of  extension  as  another  reservoir, 
which  will  be  proposed  further  on  in  this  Report — the  communications  in 
that  part  of  the  country  are  in  a  wretched  state — and  lieavy  compensation 
would  have  to  be  given  for  the  several  square  miles  of  most  valuable  land 
which  would  be  submerged  by  the  lake. 

It  would  be  out  of  place  for  me  here  to  point  out  that  the  Shewla  re- 
Bervoir  does  not  well  admit  of  a  high  level  conduit.  Before  doing 
BO,  it  is  necessary  I  should  prove  that  a  conduit  is  preferable  to  a  pipe. 
I  have  discussed  this  question  at  length,*  and  tried  to  show  the  great 
advantages  which  the  former  possesses  over  the  latter,  with  regard  to  both 
cost  and  durability.  If  I  have  succeeded  in  establishing  my  point,  it  will 
no  doubt  be  admitted  that,  cateris  paribus,  that  is  the  best  reservoir  which 
offers  us  a  high  level  duct  for  the  greater  portion  of  tlie  distance  to 
Bombay. 

Regarding  also  the  important  point  of  the  capability  of  extension, 
there  is  no  comparison  between  the  Shewla  reservoir,  and  the  one  sub- 
mitted in  this  Report.  It  would  not  be  possible  to  carry  the  Shewla  dam 
above  ninety  feet,  for  the  water  ^ould  escape  in  several  directions.  The 
limit,  therefore,  to  the  capacity  of  the  lake  is  the  quantity  of  water  con- 
tained in  the  reservoir  up  to  this  level,  but  the  capacity  of  the  other 
reservoir  is  limited  only  by  the  consideration  of  how  high  a  Dam  it  ii 
possible  to  build  without  running  the  risk  of  its  crushing  in  by  its  own 
weight.  The  gathering  ground,  moreover,  of  the  Shewla  basin  is  little 
more  than  half  that  of  the  other. 

The  importance  of  good  roads  for  the  conveyance  of  materials  for  laigi 
works  can  hardly  be  magnified.  There  are  no  roads  at  all  between  the 
railways  and  Moorbar.  The  only  communications  are  country  tracks  and 
doring  the  monsoon,  or  for  four  months  in  the  year,  the  rivers  art  in  flood, 

•  Vide  No.  LZXVI.,  Proffliiionia  Papen  of  Indlui  Engineering,  Second  Seriee. 
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»nd  the  part  of  the  country  about  Shewla  is  altogether  cut  off  from  Bom- 
l>ay.  In  the  other  case  the  reservoir  would  be  but  three  miles,  and  the 
dam  but  five  from  the  railway,  and  there  is  a  metalled  road  running  close 
mlong  the  greater  portion  of  the  proposed  channel. 

Nearly  the  entire  area  of  the  land  which  would  have  to  be  taken  up  for 
the  Shewla  Lake  consists  of  the  best  paddy  fields,  yielding  in  this  k>cality 
large  returns  to  the  villagers.  To  buy  land  of  this  class  would  cost  three 
or  four  times  as  much  as  to  buy  ordinary  jungle,  of  which  practically  the 
whole  of  the  waterspread  of  the  lake  I  propose  would  consist. 

These  points— the  practicability  of  a  high  level  duct,  the  capability  of 
the  extension  of  the  supply,  the  necessity  of  good  roads,  and  the  cost  of 
the  land, — will  be  gone  into  more  fully  with  reference  to  the  Shewla  LakOy 
when  I  explain  in  detail  the  characteristics  of  the  reservoir  I  propose  for 
a  large  scheme. 

Before  leaving  this  part  of  the  country,  I  think  it  as  well  to  dispose  of 
the  river  Kalbo,  which  lies  to  the  north  of  Shewla.  It  will  be  seen  that 
the  area  which  drains  into  it  is  a  very  extensive  one,  and  that  the  river 
has  numerous  tributaries  all  rising  in  the  Western  Ohats.  To  dam  the 
course  of  the  main  stream  anywhere  between  its  junction  with  the  Bhatsa 
in  the  neighbourhood  of  Callian,  and  the  point  near  the  village  of  Kinowlee, 
where  its  largest  tributaries  meet  in  conflict,  would  be  altogether  out  of 
the  question.  The  works  would  have  to  be  on  a  gigantic  scale,  and  the 
destruction  of  property  would  be  enormous.  In  fact  the  Kalloo  itself  is 
utterly  unsuited  to  our  purposes,  nor  indeed  do  its  tributaries  offer  us  any 
advantages.  By  reference  to  the  Map,  it  will  be  seen  that  the  bed  of  the 
southernmost  tributary  near  the  village  of  Nandgaon,  which  is  several 
miles  further  away  than  Shewla  from  Bombay,  lies  more  than  twenty  feet 
below  the  bed  of  the  Moorbaree,  at  the  spot  which  Mr.  Aitken  selected 
for  his  reservoir.  In  addition  to  this,  there  are  no  extraordinarily  good 
sites  for  dams  on  any  of  the  tributaries  to  compensate  for  their  greater 
distance  from  Bombay.  Knowing  in  fact  that  there  is  a  site  for  a  reser- 
Toir  at  Shewla  with  a  sufficient  command  of  eleyation  over  Bombay^ 
and  knowing  that  to  get  the  same  command  on  any  of  the  tributaries  of 
the  Kalloo,  must  involve  the  cost  of  a  greater  length  of  channel  with  no 
earing  in  the  cost  of  the  dam,  it  should  be  clear  that  any  investigation  of 
the  country  lying  beyond  Shewla  could  lead  to  no  practical  result. 

Having  now  examined  all  that  tract  which  lies  south  of  the  latitude  of 
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Callian,  let  us  retnrn  to  this  starting  point.  The  yalleys  which  remiift 
■to  be  gone  over  are  tliose  to  the  north  of  Salsette,  besides  that  of  Uii 
Bhatsa,  and  that  of  the  Tansa.  We  will  take  them,  too,  in  thii 
order. 

Leaving  Callian,  the  first  valley  we  come  to  is  that  in  which  the  im- 
portant town  of  Bhewndy  stands,  but  it  is  utterly  hopeless  to  make  any 
use  of  it.  There  is  no  good  site  for  a  dam,  as  one,  60  feet  high  oalj, 
vide  Plate  XXXIV.,  would  be  nearly  two  miles  long,  and  the  compensa- 
tion for  the  valuable  property  that  would  be  destroyed,  if  the  construction 
of  a  reservoir  were  attempted,  would  be  ruinous.  Let  us  pass  on  to  the 
next. 

The  Lakewlee  valley  offers  us  a  better  prospect.  It  is  thinly  populated, 
it  has  an  area  of  more  than  twenty  miles,  it  is  surrounded  by  high  hilU 
on  which  tlie  rainfall  must  be  considerable,  the  rocky  well-worn  beds  of 
the  stream  support  the  inference  of  heavy  floods,  and,  although  no  remark- 
ably good  site  for  a  dam  is  to  be  found,  still  there  are  sites  which  might 
answer.  Its  proximity  to  Bombay  is  another  advantage.  What  detracts, 
however,  considerably  from  its  position  is  that  it  lies  low.  The  tide  rises 
from  the  Tannah  creek  nearly  up  to  the  site  of  the  dam,  so  that  it  would 
be  impossible  without  raising  the  water  by  artificial  means,  either  «l 
Lakewlee,  or  at  Bombay,  or  at  some  intermediate  point  to  supply  the 
town.  A  survey  of  the  valley  has  been  made,  vide  Plate  XXXIV.,  but  it 
is  not  my  intention  to  submit  a  project  for  bringing  water  from  this 
source,  simply  because  there  is  another  basin  possessing  all  the  advantages 
of  the  Lakewlee  one,  besides  offering  us  a  better  site  for  a  dam,  and  being 
practically  nearer  to  Bombay. 

The  Kamnn  valley,  lying  at  the  foot  of  the  Toongar  hills,  and  receiving 
nearly  all  the  rain  which  falls  in  such  abundance  on  their  western  slopeSi 
has  an  area  of  about  twenty  square  miles.  A  dam  impounding  only  80  feet 
depth  of  water,  would  give  us  a  watcrspread  about  two  and  a  half  times 
the  extent  of  the  Vehar  Lake.  But  like  Lakewlee,  the  Kamun  Valley  un- 
fortunately lies  low,  for  the  tide  washes  the  bed  of  the  river  at  the  very 
lite  of  the  dam.  The  Kamun  water,  therefore,  would  also  require  to  be 
pumped  before  it  could  be  made  available  to  the  town.  The  great  adTan- 
tage  of  the  Kamim  over  the  Lakewlee  valley  lies  in  the  fact  that  Um 
obstacle  of  the  Tannah  creek  can  be  overcome  on  much  more  favorable 
terms  in  the  one  case  than  in  the  other.    Ta  bring  the  Lakewlee  water 
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into  Bombay,  the  creek  must  be  crossed  at  a  point  where  the  rirer  is 
three-quarters  of  a  mile  broad  and  where  the  bank^  are  swampj,  whereas 
in  the  other  case  the  channel  would  cross  at  a  point  where  the  creek  is 
only  five  hundred  yards  wide,  and  where  there  is  nothing  bnt  solid  rock. 
These  considerations  have  convinced  me  that  the  Kamnn  valley  is  the 
best  low  level  basin  for  Bombay,  and,  as  it  is  necessary  that  the  pnblie 
shonid  judge  for  themselves  as  to  the  advisability  or  inadvisability  of 
carrying  out  a  scheme  involving  pumping,*  I  have  considered  it  my  duty 
to  put  one  before  them.  Further  on,  therefore,  the  reader  will  find  full 
details  of  the  "  Kamun  Project,"  and  have  the  opportunity  of  comparing 
it  with  projects  of  another  class. 

Beyond  Kamun  there  remains  yet  another  valley  of  the  same  kind, 
named  Southolee,  but  it  cannot  compare  with  the  former.  It  has  a 
smaller  gathering  ground,  not  nearly  so  good  a  site  for  a  dam,  and  it  is 
farther  from  Bombay.  I  should  be  merely  taxing  the  reader's  patience, 
therefore,  to  dwell  longer  on  it. 

We  have  now  passed  over  all  the  country  lying  to  the  direct  north  of 
Salsette.  Let  us  again  return  to  our  old  starting  point,  Callian,  and 
follow  the  course  of  the  Bhatsa. 

Between  its  junction  with  the  Kalloo  and  the  village  of  Shapore  on  the 
Jubbulpore  line  of  the  G.  I.  P.  Railway  it  would  be  impracticable  to  dam 
the  Bhatsa,  partly  because  the  railway  would  be  submerged,  and  partly 
because  the  works  would  be  far  too  gigantic  and  expensive  for  the  town  to 
undertake.  However  not  even  at  Shapore,  nor  in  its  neighbourhood,  does 
the  Bhatsa  offer  any  peculiar  advantages.  By  reference  to  the  Map,  it  will 
be  seen  that  the  bed  of  this  river  to  the  east  of  Shapore,  at  the  village  of 
Sapgaon  is  178  feet  only  above  datum,  or  about  78  feet  above  Bombay. 
This  is  not  nearly  a  sufiicient  command  of  elevation  for  a  distant  reser- 
voir, and,  as  will  bo  pointed  out  presently,  not  nearly  so  great  an  elevation 
as  may  be  obtained  in  another .  basin  in  the  same  neighbourhood,  but 
lying  practically  nearer  to  Bombay.  In  fact,  to  obtam  a  sufficiently  high 
reservoir  on  the  Bhatsa,  we  should  have  to  travel  many  miles  beyond 
Shapore,  and  to  no  practical  purpose.  Let  us,  instead,  examine  the  only 
other  valley  which  now  remains  for  consideration. 

The  Tansa  is  remarkable  as  being  the  only  one  among  all  the  numer- 

*  This  clMi  of  project  wm  tpeciany  recommended  bj  the  Commlnka  on  tlM  Waler  fopply 
which  ut  in  1M9.  TM*  page  810,  of  No.  LZXVTI ,  ProfeMion«l  Papera  on  Indian  Bngintidnff, 
Second  Scnee  • 
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ons  large  riTera  diflcharging  their  waters  into  the  sea  north  and  south  ^^ 
Bombay,  which  does  not  rise  in  the  Western  Ghats.  It  has  its  soor^^ 
in  the  high  hills  about  Khurdee  and  Atgaon,  which  rise  to  an  eloTation  <^^ 
fifteen  hundred  and  two  thousand  feet  above  the  sea.  It  has  seTen^^ 
tributaries,  but  these  are  all  too  small  for  our  purposes.  The  only  Talle^tf 
worth  even  a  passing  remark,  is  the  one  in  which  the  village  of  Kamballali^ 
stands,  but  it  lies  much  too  low  for  a  distant  basin,  and  there  are  gaps<^ 
among  the  hills  on  the  margin  which  would  require  to  be  closed.  The 
lower  portion,  too,  of  the  Tansa  itself  requires  no  consideration.  It  is  the 
upper  part  which  arrests  our  attention. 

It  would,  indeed,  have  been  strange  if  the  bed  of  this  river  along  its 
upper  course  had  not  been  at  a  considerable  elevation,  but  this  point  was 
soon  set  at  rest.  A  line  of  levels  carried  from  Bombay  at  once  proved 
my  inference  to  be  correct.  Not  far  from  the  village  of  Kandgaon  the 
bed  turned  out  to'  be  420  feet  above  datum,  or  320  above  Bombay,  and 
even  a  few  miles  lower  down,  near  the  village  of  Bhowsa,  the  bed  was  300 
feet  above  datum,  or  200  above  Bombay.  Here,  therefore,  if  a  site  for  a 
dam  and  good  storage  capacity  for  a  reservoir  could  be  obtained,  there 
was  sufficient  command  of  elevation  for  all  practical  purposes.  A  per- 
severing search  through  dense  forests  rewarded  our  efforts.  A  remarkably 
favorable  site  for  a  dam  was  obtained,  and  a  careful  survey  satisfied  me 
that  an  enormous  quantity  of  water  could  be  impounded.  The  gathering 
grounds,  moreover,  proved  to  be  far  more  extensive  than,  in  fact  nearly 
double,  that  which  any  other  reservoir  within  the  same  distance  from  Bom- 
bay possessed.  But  of  greater  importance  than  any  of  these  advantagies 
was  the  additional  one  of  the  practicability  of  conveying  the  water  to  Bom- 
bay for  the  greater  portion  of  the  distance  at  a  high  level,  in  a  condnii^ 
and  of  thus  effecting  a  large  saving  in  the  cost  of  iron  pipes  which,  if 
adopted  in  any  water  supply  project,  must,  do  what  we  may,  form  the 
heaviest  item  of  expense.  From  the  Tansa  reservoir  it  would  be  even  an 
easy  matter  to  throw  water  into  the  Yehar  Lake,  and  thus,  if  found  ad- 
visable in  the  future,  though  it  need  not  be  done  at  first,  the  Yehar  Lake 
eould  be  always  kept  full,  so  that  a  failure  m  the  monsoon  should  be  no 
matter  of  anxiety  to  the  town.* 

I  have  now,  in  as  few  words  as  possible,  given  a  general  acconnt-of  all 
the  conntry  about  Bombay  with  reference  to  its  capability  of  supplying 

•  The  importanoa  of  thli  ihoald  be  manlffit  to  every  thinking  num. 
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the  town  with  water,  and  the  practical  conclusions  to  which  I  hare  arrived 
are  these : — 

Ist. — ^That  the  nearest  yallejs  to  Bombay  demanding  farther  inTes*^ 
tigation  are  those  of  Kennerj,  which  includes  Toolsee  and  Ewoor,  situ- 
ated in  Salsette;  that  these  yallejs,  lying  at  a  considerable  eleyation, 
offer  us  the  advantage  of  high  pressure,  but  possess  the  disadyantage 
of  small  gathering  grounds,  and,  therefore,  of  a  limited  supply  of  water. 

2nd, — That  the  next  nearest  basm  to  Bombay,  deserving  consideration, 
is  that  of  Eamun,  lying  to  the  north  of  Salsette.  This  has  the  advan- 
tage of  an  extensive  gathering  ground,  but  the  disadvantage  of  lying  low, 
which  will  necessitate  the  cost  of  pumping  before  the  supply  can  be  made 
available  to  the  town. 

3rd, — ^That  to  obtain  abundance  of  water  with  high  pressure,  it  is  im- 
perative to  go  some  distance  from  Bombay — that,  on  th^  one  hand,  the 
Shewla  reservoir  offers  us  a  large,  though  limited,  supply  with  ample 
pressure  which  the  originator  of  the  project,  on  account  of  the  unsuita- 
.bility  of  the  line  of  country  to  a  duct,  proposed  to  render  available  by  a 
steel  pipe  under  pressure  the  whole  distance  to  Bombay ;  that  on  the 
other  hand,  the  Tansa  reservoir  offers  us  with  great  command  of  eleva- 
tion II  practically  unlimited  supply,  which  can  be  brought  to  Bombay  by 
means  chiefly  of  a  high  level  conduit. 

Again  I  ask  the  reader  to  suspend  his  judgment.  At  present  we  are 
only  able  to  say  that  these  are  the  best  schemes  for  consideration,  but 
which  is  the  best  of  them  can  only  be  decided  after  each  has  been  explun- 
ed  in  detail.  The  time  for  judgment  ^ill  come  when  the  cost  and  relative 
advantages  and  disadvantages  of  each  project  have  been  given ;  and  in 
connection  with  these,  the  discussions  on  certain  preliminary  points,  e.  y., 
the  form  and  material  smtable  for  dams,  and  the  relative  merits  of  pipes 
and  conduits,  which  have  been  embodied  by  me  in  separate  Articles,* 
•hould  be  carefully  considered. 

H.T. 


*  Vidt  Hob.  LXVin.  and  LIZVI.,  Profenioiua  Pq^cti  of  Inditn  XnginMrinff,  fieoond  fleriM. 
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No.  LXXIX. 

THE  KENNERY  PROJECT  FOR  ''THE  WATER-SUPPLY 
TO  BOMBAY." 

IVide  Plates  XXXV.  to  XL.] 


Bt  Major  Hector  Tulloch^   R.E. 


The  Keanery  valley,  as  will  be  seen  in  the  accompanying  Map  of  Salsette 
{Plate  XXXV.),  lies  directly  north  of  the  Vehar  Lake.  As  it  opens  to 
the  west,  it  is  better  situated  to  catch  the  monsoon  rains  than  the  Vehar 
Valley,  which  is  sheltered  in  this  direction  by  a  high  range  of  hills.  The 
most  convenient  site  for  the  dam — in  fact,  the  only  practical  one — is  a 
gorge  between  two  hills  sloping  towards  each  other.  The  area  of  the 
watershed  above  this  point  is  5}  square  miles,  and  the  bottom  of  the 
gorge  is  at  the  level  of  203*00  feet  on  Town  Hall  Datum,  or  rather  more 
than  100  feet  above  Bombay,  taking  the  average  level  of  Bombay  at 
about  100  on  datum.  Before  it  can  be  decided  how  much  water  should  be 
stored  for  use  in  Kennery,  it  is  manifestly  necessary  to  ascertain  the  qnaa 
tity  obtainable  from  the  valley.  Calculations  of  this  nature  are  made  up 
of  two  factors— 1«<,  The  quantity  of  water  falling  in  the  lake  itself;  and 
2nd,  The  quantity  not  falling  on  the  gathering  ground^  but  flowing  oflP  from 
it.  But  both  these  quantities  depend  on  the  area  of  the  lake,  and  this 
area,  again,  will  depend  on  the  level  up  to  which  it  is  determined  to  im- 
pound water,  and  the  water  stored  for  use  will  be  the  quantity  contained 
between  this  level  and  that  at  which  the  water  is  drawn  off.  I  will  decida 
the  latter  point  first 
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I  am  of  opinion  that,  whatever  may  be  the  capacity  of  the  lake,  it  wonid 
be  wise  to  draw  the  water  at  aboat  270*00  feet  above  datum,  and  I  fix  on 
this  level  for  a  very  cogent  reason.  It  would  enable  ns  to  command  the 
Vehar  Lake.  In  other  words,  we  should  be  able  to  throw  the  Kennery 
water  into  the  latter  wheuever  it  were  desirable  to  do  so,  which  it  ob* 
Tiously  would  be  very  often.  For  instance,  the  Vehar  Lake  might  be 
comparatively  low,  while  the  Kennery  reservoir  might  be  overflowing.  To 
have  the  power,  therefore,  to  save  all  the  surplus  supply  might  be  of  the 
greatest  importance  in  the  future.  Now,  the  level  of  the  Yehar  Lake 
when  full  is  262*50  feet  on  datum,  and  if,  as  I  propose,  the  water  be 
drawn  from  Kennery  at  270*00  feet  on  datum,  we  shall  have  a  command 
of  7^  feet.  The  conduit  from  Kennery  to  Vehar  would  be  about  two  miles 
long,  and,  if  we  gave  it  a  slope  of  about  2^  feet  per  mile*  (the  reason  for 
which  will  be  explained  hereafter),  it  would,  on  reaching  the  valley,  be 
about  2 1  feet  above  the  lake — a  command  of  elevation  which  I  think  it 
would  be  wise  to  retain.  I  should  not  personally  offer  any  great  objection 
to  the  water  being  drawn  from  Kennery  at  265*00  on  datum,  which,  if  the 
slope  of  the  conduit  be  reduced  to  one  foot  per  mile,  would  allow  of  its 
reaching  the  Vehar  Valley  with  its  bottom  about  six  inches  above  the 
lake,  but  I  simply  think  it  better  not  to  run  things  too  close.  The  higher 
the  level  at  which  we  draw  the  water,  the  higher  will  be  the  level  at  which 
it  reaches  tlie  service  reservoir,  and  the  greater  will  be  the  pressure  in  the 
main  to  Bombay. 

I  cannot  refrain,  at  the  same  time,  from  pointing  out  that  it  would  be  a 
grave  error,  in  constructing  any  new  reservoirs,  if  such  arrangements  were 
not  made  as  would  enable  us  to  run  the  surplus  water  into  the  Vehar  Lake. 
In  fact,  all  future  water  works  for  Bombay,  while  they  may  be  made 
independent  of  Vehar,  should  at  the  same  time  be  so  constructed  as  to 
improve  the  present  system  by  rendering  it  less  liable  to  failure. 

If,  then,  we  say  that  the  water  is  to  be  drawn  from  the  Kenneiy  Lake 
at  270*00  on  datum  or  thereabouts  (for  a  few  feet  difference  will  not  affect 
the  calculations  to  follow),  the  quantities  of  water  which  can  be  stored  for 
use  may  be  seen  from  the  Table  on  Plate  XXXVI.  The  largest  lake 
which  it  would  be  possible  to  form  would  be  one  with  an  area  of  about  600 
acres,  involving  a  dam  nearly  180  feet  high,  while  the  smallest  lake  which 
it  would  be  advisable  to  form  would  be  one  of  about  400  acres,  with  a  dam 

*  Th0  exact  slope  it  2  feet  7|iiichciiMrBUf. 
VOL.    II. — SECOND    SERIES.  2    I 


2S2 


THE    KEKNBRT    PROJECT. 


130  feet  high.     Sach  a  lake,  as  will  be  seen  presentl  j,  will  not  hold  mach 
more  than  a  year's  supply. 

Assaming  600  acres  and  400  acres  to  be  the  greatest  and  least  snper- 
fida]  areas  of  the  lake,  102  inches  to  be  the  rainfall,  54  inches  or  4^  feet 
the  proportion  of  rainfall  flowing  off  the  gathering  ground,  2^  feet  tha 
evaporation,  then  the  quantity  of  water  obtainable  from  the  Kennery 
Valley  will  be  as  follows : — 
Quantity  when  lake  is  600  acres  in  extent : — 

600  acres  x  4,840  sqaare  yards  x  9  sqnare  feet,  x  8| 
feet  ninfall  x  6^  gallons  in  eTery  cnbic  foot,         . .     1,888,475,000 

2,920  acres  x  4,840  sqaare  yards  x  9  square  feet  x  4| 
feet  rainfall  x  6}  gallons  in  every  cubic  foot,        ••    8,577,865,000 

4,965,840,000 
Deduct  for  evaporation  : — 

600  acres  x  4.840  sqnare  yards  x  9  sqnare  feet  x  2| 
feet  evaporation  x  6}  gallons  in  every  cnbic  foot,    . .        408,375,000 

4,557,465,000 
Deduct  ird  for  unaccountable  waste,        ••         ..        =    1.519,155,000 

Total  number  of  gallons  yearly,        8,038,810,000* 

Quantity  when  lake  is  400  acres  iti  extent : — 

400  X  4,840  X  9  X  84  X  6J =  925,650,000 

8,120x4,840x9x44x61 =  8,822,390,000 

4,748,040,000 
Deduct  for  evaporation  : — 
400  X  4,840  X  9  X  2|  X  6i «=       272,250,000 

4,475,790,000 
Deduct  ird  for  unaccountable  waste,         ••        ••        =    1,491,980,000 

Total  number  of  gallons  yearly,         2,988,860,000 

Urns  it  will  be  seen  that,  whether  the  lake  has  an  area  of  600  acres  or 
of  400  acres,  does  not  affect  the  calculation  to  any  great  extent ;  so  that 
we  may  assume  the  total  quantity  of  water  obtainable  from  the  Kennery 
Valley  to  be  about  8,000  million  gallons  yearly,  or  say  8^  million  gallona 
daily,  or  nearly  18  gallons  per  head  per  diem  for  650,000  people. 

*  Thif  it  the  method  of  oelonlation  propoeed  by  ICr.  Ormltton,  and  I  bare  adopted  it  thiooflioai 
thisTCpori,  beoMHN  it  has  been  geoernlly  aooepted.  Of  coorse  objeetiooi  may  be  made  to  it  as  no 
doubt  he  ie  aware,  bat  any  one  who  goea  into  the  anblect  will  find  it  diffloolt  to  waggmA  a  bettar 
method.  The  troth  ie  we  hare  BO  leliable  data  regarding  either  the  rainfall  or  eraporatien,  or  the 
pocilon  of  the  rainf  aU  which  flows  off  the  ground. 


^ 


KENNER^ 

LONGITUDINA 

Tffp  cfJhun.   S^S 


9CMt£   ro  LO^ 


CROSS  SECTION 


/  J* 

o 

n  fo 

Wufer  Zcye^ 

\t9  7t 

/  52 

/•71. 

1^ 

\m  Jff 

/  »♦ 

\t£t0 

<-t/ 

#tf 

\tJ. 

(9 

«•»  . 

<0 

W« 

<•««   . 

£o 

V3€  a# 

J  2/ 

7A 

\^*    7tf 

J«f 

tf0 

V?*/ 

♦  /I 

\ 

-f  «7 

\ 

^.« 

If 

«  M 

nit 

r 

wMrfjrv'v ;  ■■»?;  ioVSfnfUwM'tJkivji'W!^^^ 


SGAL£    1 


TBK   KBVNCRT   PROJECT.  285 

The  total  qnantitj  obtained  from  Vehar,  according  to  the  same  mode 
of  calculation,  gires  us  about  8,600  million  gallons  yearly  (equivalent  to 
nearly  10  million  gallons  daily),  and  this  is  just  about  as  much  as  is  con- 
tained in  the  lake  between  the  average  level  to  which  the  water  rises,  and 
the  average  level  to  which  it  falls  yearly.* 

The  question  now  is,  how  much  water  can  we  store  in  Eennery.  By 
reference  to  the  Table  on  Plate  XXXVI.,  it  will  be  seen  that  to  store 
8,000  million  gallons,  or  a  one-year's  supply  obtainable  from  the  valley, 
the  surface  of  the  lake,  supposing  no  water  to  be  drawn  for  use  below 
270*00  feet  on  datum,  must  be  a  little  below  32000  on  datum.  To  store 
a  two-years*  supply,  or  6,000  million  gallons,  the  surface  must  be  at  about 
845*00  on  datum,  and  to  store  a  three-years*  supply,  as  has  been  done  in 
the  Vehar  Lake — or  9,000  million  gallons — the  surface  must  be  at  about 
862-00  on  datum.  The  bed  of  the  river  at  the  site  of  the  dam  is  208*00 
on  datum.  To  get  a  firm  foundation  we  may  not  have  to  excavate  more 
than  four  or  five  feet,  but  it  will  be  safer  to  say  eight  feet.  Then  the  bot- 
tom of  the  dam  will  be  at  195*00  on  datum,  and  as  the  masonry  must  be 
carried  about  five  feet  above  the  level  of  the  water,  the  total  height  of  the 
dam  to  impound  the  different  quantities  of  water  will  be  as  follows : — 

Fatt. 
To  impoand  3,000  million  gallons,  or  one-year*8  snpplj  (825-00  — 195*00),...  130 
To  impound  6,000  million  gallons,  or  two-years'  supply  (350-00— 195*00),... 1 65 
To  impoand  9,000  million  gallons,  or  three-years*  supply  (867*00— 195-00),.. .172 

^11  the  necessary  information  regarding  the  dam,  if  three-years*  supply 
from  the  valley  is  impounded,  may  be  found  in  Plate  XXXVII. 

Having  now  shown  how  much  water  can  be  obtained  from  the  Keniiery 
Valley,  and  how  it  can  be  stored,  the  next  point  for  consideration  is  how 
to  bring  it  to  Bombay. 

I  propose  to  do  so  almost  altogether  by  help  of  a  conduit  carried  through 

*  In  my  ChnpUr  of  the  HLrtovy  of  Wnter-snpply  of  Bombaj,  (ritfe  jnge  188,  of  No.  LXXVII.,  Prof^ 
dooftl  Papers  on  Indian  Engineering,  Second  Series,)  I  hvre  already  mentioned  that  the  average  depth 
to  which  the  sarfsoe  falls  is  about  1 1 1  feet.  Now  suppose  the  Vehar  Lake  Is  fall,  the  snrfaoe  wiU  be 
at  i62*M  on  dotam,  and  the  capad^  of  the  Lake  (vide  page  185  of  the  aboTe-mentioned  Article),  will 
be  10,800  million  gallons.  Sappoae  it  falls  1 1  ft  feet,  the  snrfaoe  will  then  be  at  Sftl  00  on  datom,  and 
Che  capaeliy  of  the  lake  abont  7,200  million  gallons.  The  quantity  that  will  have  been  expended  in 
Che  year,  will,  therefore,  be  the  difference  between  10,800  and  7,300  million  gallons,  or  8^600  million 
gaUona,  which  it  wiU  be  seen,  accords  with  the  result  obtained  by  calculation  ;  the  quantity  lost  by 
craporation  is  probably  equal  to  that  which  is  delivered  to  the  town  in  the  four  monsoon  moathe 
while  it  is  raining,  when  not  only  is  the  lurfaoe  of  the  lake  rising,  but  the  supply  to  Bombay  is 
going  on  at  the  same  time.    This  supply,  thsrcfore,  is  not  indnded  in  the  a,C00  million  gallons. 
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the  hills  by  means  of  timnelling.  I  say  almost  altogether,  because  at  one 
part  in  the  line,  where  the  hills  are  at  too  low  a  level  for  even  an  aqueduct, 
we  shall  be  compelled  to  lay  down  a  syphon.  The  condnit*  would  first 
pass  into  the  Toolsee  Valley,  then  into  the  Yehar  Valley,  then  under  the 
ridge  running  along  the  eastern  margin  ot  the  lake,  then  on  to  the  eastern 
ridge  of  the  Poway  Valley,  where  the  syphon  woald  have  to  be  laid,  and 
ultimately  into  a  small  service  basin,  called  the  Eoorla  Reservoir,  this 
being  the  nearest  point  to  Bombay  where  it  is  possible  to  have  a  high  lerel 
reservoir  at  all,  and  which  it  is  possible  to  reach  from  Kennery  by  conduit. 
The  section  of  the  proposed  line  of  channel  is  given  on  Plate  XXXVIIL, 
80  that  it  will  be  seen  the  idea  is  easy  of  accomplishment.  There  will  be  only 
one  aqueduct  on  the  line — a  small  work  which  I  need  not  farther  notice. 

I  have  already  proposed  to  draw  the  water  at  270*00  on  datum,  and 
to  give  the  first  two  miles  of  the  conduit  a  slope  of  rather  more  than  2| 
feet  per  mile.  I  would  give  the  rest  of  the  conduit,  5^  miles  long,  a  slope 
of  one  foot  per  mile,  and  the  syphon,  which  would  be  a  pipe  48  inches  in 
diameter  and  three-quarters  of  a  mile  long,  a  slope  of  5  feet  per  mile* 
The  total  fall  of  the  conduits  and  syphon  combined  would  be  14^  feet. 
Thus,  the  conduit,  leaving  the  Kennery  Lake  with  its  invert  at  27000  on 
datum,  would  reach  the  service  reservoir  near  Koorla  at  255*50  on  datum* 
and  as  the  water  would  be  4  feet  deep  in  the  channel,  its  actual  level  in 
the  reservoir  would  be  259*50  on  datum,  just  three  feet  below  the  Vehar 
Lake  when  full. 

From  the  Kennery  Lake  to  the  service  reservoir  at  Koorla,  there  are,  as 
will  be  seen  on  Plate  XXXV.,  two  lines  of  channel  to  choose  from.  The 
one  I  prefer  is  that  which  runs  into  the  Vehar  Valley,  and  continues  along 
the  eastern  ridge  of  the  Salsette  hills.  The  other  line  would  run  along 
the  western  slope  of  the  western  ridge,  but  it  would  be  longer.  Moreover, 
in  order  to  reach  Koorla,  it  would  have  to  cross  the  Vehar  and  Poway 
Valleys,  and  this  is  an  objection  to  it,  inasmuch  as  if  the  Vehar  dams  burst, 
the  Kennery  Channel  would  be  carried  away.  By  keeping  to  the  east  of 
the  Vehar  Lake,  the  line  is  much  more  secure — in  fact,  almost  perfectly  so. 

Plate  XXXIX.  gives  all  the  necessary  information  regarding  the  Upper 
Koorla  Lake.  It  will  be  a  small  work,  and  has  been  designed  simply  for 
a  service  reservoir — t.  e.,  one  from  which  the  water  can  be  delivered  to 
Bombay  under  pressure,  and  in  which  a  certain  quantity  of  water  can  bo 

•  rUf  Kennery  No.  1  channel  line,  P/o/e  XXXY. 
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kept  for  use  in  the  event  of  any  accident  to  the  channel  between  Kennerj 
and  Koorla.  The  section  of  the  dam  is  that  proposed  by  Mr.  Rankine  for 
hi^h  dams.  So  strong  a  work  is  not  absolutely  required,  and,  if  the  great- 
est economy  is  insisted  on,  the  thickness  may  be  reduced  throughout,  and 
a  saving  in  the  quantity  of  masonry,  amounting  to  about  25  per  cent.,  may 
be  made.*  But,  considering  the  position  of  the  reservoir,  I  am  inclined  not 
to  depart  from  the  section  given  to  all  the  other  dams.  A  very  strong  dam 
would  be  all  the  more  desirable,  because  it  is  quite  manifest  tliat  after  some 
time,  a  second  service  reservoir  would  be  required,  and  it  could  not  be  built 
except  below  this  one,  and  the  water  impounded  in  it  would  extend  up 
to  the  proposed  dam,  which  should  therefore  be  made  as  safe  as  possible. 
I  would  draw  the  water  from  the  Koorla  Reservoir  at  230*00  on  datum, 
80  that  between  this  and  259*50  (vide  Table  on  Plate  XXXIX.),  we  should 
have  a  stock  of  water  equivalent  to  48  million  gallons,  or  to  say  nearly  a 
week's  supply  from  the  Eennery  Basin.  Such  a  reservoir  would  not  en- 
tail a  dam  higher  than  about  65  feet. 

I  would,  moreover,  make  the  conduit  from  Eennery  for  the  first  two 
miles  6  feet  wide  and  6  high,  and  with  as  flat  an  arch  as  possible.  The 
remaining  5^  miles  I  would  have  of  much  smaller  dimensions,  with  a 
waterway  5  feet  wide  and  4  deep.  The  former  portion  of  the  conduit  would 
discharge  57  million  gallons  daily,  and  the  latter  17.  The  object  of 
making  the  conduit  so  large  for  the  first  portion  will  be  seen  presently. 

The  quantity  of  water  obtainable  daily  from  Kennery  is,  as  previously 
calculated,  about  8^  million  gallons.  The  pipe,  therefore,  from  the  Eoorla 
Reservoir  would  have  to  convey  this  supply  to  Bombay.  A  pipe,  28 
inches  in  diameter  and  one  inch  thick,  would  suffice  for  the  purpose. 
For  a  section  of  the  line  from  Koorla  to  Bombay,  vide  Plate  XL.  It  is 
as  favorable  as  could  be  desired ;  and  as  there  would  be  no  difficulties  of  a 
special  kind  in  laying  such  a  line,  no  information  beyond  that  given  in  the 
Plate  is  needed  at  my  hands.  Arrangements  would  have  to  be  made  for 
drawing  the  water  into  the  pipe  not  only  from  the  Eoorla  Reservoir,  but 
also  direct  from  the  Eennery  Conduit,  so  as  to  secure  the  greatest  bead 
of  water  possible.  As  a  general  rule,  the  supply  would  be  taken  from  the 
conduit,  and  only  when  the  conduit  was  under  repair  would  recourse  be 
had  to  the  lake. 

•  Vid§  pua.  S3  of  ICr.  RanUne's  Paper.  Appendix  B.  of  No.  LXVIU.,  Frofcidonal  Fhmr  on 
IndUn  Engineering,  Second  Series, 
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I  will  now  explain  the  object  of  making  the  conduit  larger  in  the  upper 
part  of  its  course.  Suppose  the  Kennerj  Lake  were  to  be  full  during  the 
monsoon,  and  the  Vehar  Lake  were  to  be  in  want  of  a  snpplj,  and,  in- 
stead of  letting  the  Kennerj  water  go  to  waste  over  the  weir,  we  brought 
it  to  Vehar  to  fill  the  latter.  The  conduit  would  convey  57  million  gallons 
daily ;  of  this  only  8^  would  be  required  to  pass  on  to  Koorla  for  the 
supply  of  Bombay ;  therefore,  the  remaining  48|  gallons  could  be  flowing 
into  Vehar.     It  is  not  necessary  to  point  out  the  advantage  of  this. 

If  the  conduit  required  repair,  the  town  could  be  supplied  from  the 
Koorla  reservoir  for  nearly  a  week,  and,  when  the  repairs  were  completed, 
the  channel  and  syphon  would  bring  to  Koorla  17  million  gallons  daily, 
of  which  SJ  would  travel  on  to  Bombay  through  the  pipe,  while  the  re- 
maining 8|  million  gallons  could  be  thrown  into  the  Koorla  Reservoir  to 
refill  it.  In  five  or  six  days,  therefore,  it  would  be  full  again  and  ready 
for  another  emergency.  If  it  be  considered  that  a  week's  supply  at 
Koorla  is  not  sufficient  to  retain  in  the  service  reservoir,  another  Reser- 
voir, with  a  dam  about  45  feet  high,  could  be  built  below  the  first,  and 
it  would  hold  about  130  million  gallons,  or  more  than  a  fortnight's  supply 
from  Kennery.*  Altogetlrer,  therefore,  there  would  be  a  stock  of  water 
for  emergencies  equivalent  to  a  three-weeks'  supply,  and  during  such  a 
period,  extensive  repairs  could  be  completed  to  the  channel.  If  the  popu- 
lation of  Bombay  increased  considerably  beyond  its  present  limits,  it 
would  be  advisable  to  connect  the  Koorla  Reservoirs  with  the  Vehar 
Lake  also,  so  that  water  might  be  passed  from  the  latter  into  the  former, 
and  thus  Bombay  would  be  further  insured  against  a  deficient  supply.  Tlie 
water  drawn  from,  in  fact  lent  by,  the  Vehar  Lake  for  this  purpose  could 
be  returned  to  the  lake  by  the  channel  from  Kennery.  Thus  the  Vehar 
and  Kennery  projects,  although  capable  of  acting  independently,  would  be 
made  at  the  same  time  to  improve  each  other. 

Witli  regard  to  the  question  of  purity  of  supply,  it  is  but  necessary  for 
me  to  say  that  the  hills  from  which  the  water  would  be  collected,  are  all  of 
primitive  formation,  and  that  the  only  possible  source  of  pollution  even  at 
present  is  the  village  of  Toolsee,  containing  merely  a  few  huts,  which  can 
be  bought  and  removed  for  a  trifle.  I  have  no  doubt  that  the  Kennery  water 
will  prove  as  pure  for  all  practical  purposes  as  can  possibly  be  desired. 

•  It  coaM  be  made  to  hold  a  month's  nipply,  if  considered  dedrable,  simply  by  auking  the  daa 
high  enoof h* 
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I  will  explain  the  arrangement  I  propose  in  order  to  get  rid  of  the 
waste  water  from  the  Kennerj  Lake,  after  I  have  described  the  Toolsee 
Project,  which  is  so  closely  connected  with  the  Kennery  Scheme.  I  will 
explain  the  outlet  works,  which  are  on  the  same  system  for  all  the  reser- 
Toirs,  when  I  come  to  the  Tansa  Project. 

It  will  be  instructive  if  in  this  place  I  compare  the  salient  points  of 
the  Kennery  Project  with  the  Vehar  Scheme.  It  is  obvioas  at  a  glance 
that  the  Kennery  Valley  is  by  no  nieans  a  favorable  one  for  the  storage 
of  water.  The  Vehar  Lake,  with  a  dam  96  feet  high,  has  an  area  of 
about  1,400  acres;  while  the  Kennery  Lake,  with  a  dam  even  170  feet 
high,  would  not  have  an  area  of  more  than  about  600  acres.  The  Vehar  * 
Lake  is  a  broad  expanse  of  water.  The  Kennery  Lake  would  be  a  long 
narrow  basin,  but  while  the  Vehar  Valley  required  three  dams  before 
water  would  be  impounded  in  it,  one  dam  only  would  suffice  for  the 
Kennery  Valley.  In  quality  the  Kennery  water  would  be  equal  to  that 
of  Vehar,  as  both  lakes  draw  their  supply  from  hills  of  the  same  forma- 
tion. 

The  cost  of  the  Kennery  Scheme  with  a  dam  to  impound  a  one,  a  two, 
and  a  three  years'  supply,  would  be  as  follows  :-* 

Estimate  No,  1. 
Cost  of  Kemmbrt  Schbub. 
Dam  180  feet  high,  and  impounding  a  one-year*s  supply,  8,000  mil- 
lion gallons,  or  8|  million  gallons  daily : — 

B8. 

2  miles  of  channel,  6  feet  high  by  6  wide,  at  Ra.  150,000  per 
niiiet      ...        •••        ...        ...        ...        •••        ••.        •..    8,00,000 

5|  ditto,  with  a  waterway  4  feet  deep  by  6  feet  wide,  at 
Rs.  80,000  ditto,*        4,40,000 

I  of  a  mile  of  syphon  pipe,  48  inches  in  diameter  and  1  inch 
thick,t  weighing  900  tons,  at  Rs.  160  a  ton,  1,58,600 

9|  miles  of  28-inch  pipe,  from  Koorla  to  Bombay,  1  inch 
thick,t  delivering  8)  million  gallons  daily,  and  weighing 
720  tons  per  mile,  or  6,840  tons,  at  Rs.  160  a  ton,  ...  10,94,400 


Carried  forward,    •••  l9JdSfiOO 
^idt  (I)  note  OB  pat*  ISl  of  Ho.LZXn.,  Tntmdonal  Ptpm  on  Indian BBgimwInj, Beeoaa 
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SS. 
Brought  forward,        . .        1 9,88,000 

Kcnnciy  waate  weir,*  2,00,000 

Koorla  Reaenroir,  f  with  its  oatlet  worka,  and  waste  weir,  3,00,000 

Dam  180  feet  high,  containing  8,280,800  cubic  feet  of 

rubble  masonry,  at  Rs.  25  per  100  cubic  feet,   . .         •  •  8,20,000 

Outlet  works  at  Hennery,  tower  being  76  feet  high,  (these 
works  will  be  exceptionally  expensive,)  .  •        •  •  8,00,000 

Total,    ..        86,08,000 
Add  10  per  cent  for  contingencies,  say,    •  •        • .  8,60,000 

Land, 50,000 

Total,    ..        40,18,000 
Or,  B»y,  40^  lakhs  of  rupees  for  13  gallons  per  head  per  diem  for  the 
present  population. 

Estimate  No,  2. 
Dam  155  feet  high  and  impounding  a  two-years'  supply  (6,000  million 
gallons) : — 

Channel,  pipes,  waste  weir,  and  Koorla  Reservoir,  as  before 

-viz.,         34,88,000 

Dam  155  feet  high,  containing  5,726,800  cubic  feet  of  rub- 
ble masonry,  at  Rs.  25  per  100  cubic  feet,        .  •         •  •  14,31,700 
Outlet  works,  tower  being  100  feet  high,            •  •        •  •  8,50,000 

Total,        ..  42,69,700 

Add  10  per  cent  for  contingencies,  say,    . .         •  •  4,26,300 

Land,            75,000 

Total,        ..  47,71,000 
Or,  say,  47|  lakhs  of  rupees. 

Estimate  No.  3. 
Dam  172  feet  high  and  impounding  a  three-years'  supply  (8,000  mil- 
lion gallons) : — 

us. 
Channel,  pipes,  waste  weir,  and  Koorla  Reservoir,  as 

before^viz.,  24,88,000 

Dam  172  feet  high,  containing  7,668,000  cubic  feet  of 

masonry 19,15,750 

Outlet  worka,  tower  being  117  feet  high,  ..         ..  4,00,000 

Total,        ..        48,08,750 

Add  10  per  cent  for  contingencies,  say,  •  •  4,80,350 

Land,  say,  1,00,000 

rx  r^  ,  ,,  Total,        .•        68,84,000 

Or,  say,  54  lakhs  of  rupees. 

•ThiswlUbeMiexpeMlvework. 

t  Ma  thinner  Motion  for  the  dun  le  insigted  npon  than  that  shown  in  Piatt  XXXIX. ,  {wid§  pafls 
2U,}  there  will  a  reduction  in  this  item,  amonnting  to  about  Re.  40,000. 
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THE  TOOLSEE  PROJECT  FOR  ''THE  WATER-SUPPLY 
OP  BOMBAY.** 


Bt  Major  Hector  Tulloch^  R.E. 


The  Toolsee  Valley,  as  may  be  seen  by  reference  to  Plate  XXXV.,  is 
merely  the  npper  half  of  the  Eennery  Watershed,  and  is  contignons  to 
Vehar,  but  lies  at  a  considerable  elevation  (abont  200  feet)  above  it.  As 
in  the  case  of  Eennery,  there  is  only  one  site  for  a  dam — a  gorge  between 
two  hills,  where  the  stream  runs  over  a  bed  of  solid  rock.  The  bed  of 
this  stream  is  at  375*00  on  datum,  and  therefore  112^  feet  above  the 
surface  of  the  Vehar  Lake,  even  when  the  latter  is  full,  and  about  275 
feet  above  Bombay.  The  area  of  the  watershed  above  the  site  of  the 
dam  is  1,450  acres.  In  this  case,  as  the  entire  lake  would  lie  above  the 
Vehar  Reservoir,  it  is  not  necessary  to  consider  the  question  of  the  level 
at  which  the  water  had  better  be  drawn  for  use.  If  we  drew  the  water 
from  the  very  bottom  of  the  lake,  we  should  still  be  able,  if  we  chose,  to 
throw  it  into  Vehar.     The  draw-off  level  should,  therefore,  be  determined 
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on  another  consideration.  What  is  the  lowest  level  below  which  the 
quantity  of  water  stored  is  too  small  to  be  worth  drawing  for  use  ?  The 
Table*  on  last  page  shows  the  capacities  of  the  Toolsee  Lake. 

In  my  report  of  1870  on  this  valley,  I  proposed  to  draw  the  water  at 
409-90  feet  on  datum.  Mr.  Walton  has  proposed  to  draw  it  at  406*00  on 
datum.  The  quantity  of  water  in  the  lake  below  these  levels  is  not  worUi 
consideration,  and  it  is  not  of  any  importance  which  of  the  two  leveb  ia 
decided  upon. 

As  before,  in  order  to  calculate  the  quantity  obtainable  from  the  Tool- 
see  watershed,  we  must  know  the  area  of  the  lake,  and,  as  in  the  case  of 
Hennery,  I  will  assume  the  largest  and  smallest  areas.  For  reasons  to  be 
stated  hereafter,  I  consider  the  largest  lake  it  would  be  advisable  to  form 
in  the  Toolsee  Valley  should  be  one  of  about  400  acres ;  the  smallest^ 
that  which  Mr.  Walton  recommended,  one  of  about  250  acres.  Taking 
the  rainfall  and  evaporation  to  be  the  same  as  in  the  case  of  Kennery, 
and  the  area  of  the  watershed  at  1,450  acres,  the  quantities  of  water  from 
the  two  lakes  will  be 
Quantity  in  lake  of  400  acres,  superficial  extent :— - 

GaUone: 

400  X  4,840  X  9  X  84  X  6i =     925,650,000 

1,050  X  4,840  X  9  X  4|  X  6i =   1,286,381,250 

2,212,081,250 
Deduct  for  evaporation  :  — 

400  X  4,840  9  X  24^  6 J  =r  272,250,000 

1,939,781,250 
Dedact  |rd  for  onaccoaiitable  waste,  646,593,750 

Total  number  of  gallons  yearly, 1,293,187,500 

Quantity  in  lake  of  250  acres,  superficial  extent : — 

250  X  4,840  X  9  X  84  X  6i =  678,531,260 

1,200  X  4,840  X  9  X  4|  X  Oi =        1,470,150,000 

2,048,681,250 
Dedoct  for  evaporation : — 

260  X  4,840x  9  X  2|  X  6i =s  170,156,250 

1,878,525,000 
Deduct  |rd  for  onaccoimtaMe  waste,  ..        ••         ..  626,175,000 

Total  nomber  of  gallons  yearly, 1,252,350,000 

*  This  it.prcptnd  partly  from  Mr.  Walton's  Beport  of  1871,  and  partly  from  my  Beport  of  1S70. 
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The  mean  of  these  two  results,  or  1,272  millions,  is  almost  exactly 
what  Mr.  Ormiston  calculated*  the  supply  from  Toolsee  to  be,  and  this  is 
equivalent  to,  say,  8^  million  gallons  daily,  or  to  nearly  5^  gallons  per 
head  per  diem  for  a  population  of  650,000. 

A  reference  to  the  Table  giyon  before  will  show  that  to  store  this  sup- 
ply, the  surface  of  the  lake  must  be  at  about  442*00  on  datum,  to  store 
double  this  quantity  (2,544  million  gallons),  or  a  two>year's  supply,  the 
surface  must  be  at  about  457  00  on  datum,  and  to  store  a  three- year's 
supply,  or  3,816  million  gallons,  the  surface  must  be  at  about  470*00  on 
datum. 

The  bed  of  the  river  at  the  site  of  the  dam  is  rock,  and  stands  on 
375*00  on  datum.  Let  us  suppose  that  we  have  to  cut  away  five  feet  of 
stone  to  obtain  a  perfectly  satisfactory  foundation ;  the  bottom  of  the  dam 
will  then  be  at  370  00  on  datum,  and,  remembering,  as  in  the  case  of  the 
Kennery  lake,  that  the  top  of  the  dam  must  be  carried  five  feet  above 
the  level  of  the  water,  the  height  of  the  dam  to  impound  the  dififerent 
quantities  of  water  will  be : — 

Feet 
To  impound  1,272  million  gallons,  or  a  one-year's  supply  (447*00 

—  870-00), 77 

To  imponnd  2,544  million  gallons,  or  a  two-years'  snpply  (46200 

—  37000), 92 

To  impound  3,816  million  gallons,  or  a  three-years'  supply  (476*00 

-370-00), 106 

The  only  source  of  pollution  in  the  Toolsee  Valley  is  the  village,  which 
of  course  would  have  to  be  removed.  The  water  would  then  bo  as  pure 
as  that  from  Yehar. 

As  compared  with  Yehar,  it  will  be  seen  that  Toolsee  Yalley  does  not 
offer  us  much  of  a  supply,  nor  would  the  lake,  with  a  dam  as  high  as  the 
main  Yehar  Dam,  make  a  waterspread  of  more  than  about  one-quarter 
the  area  of  the  present  lake. 

To  bring  the  Toolsee  water  to  Bombay,  the  cheapest  plan  would  be  to  lay 
down  a  pipef  which,  as  it  need  not  be  more  than  21  inches  in  diameter 
and  three-quarters  of  an  inch  thick,  would  cost  less  even  than  a  masonry 

*  TMtf  page  6  ol  hi«  "  Memoreunda  a*  to](h€  To6t*t€  Scheme,"  Ho  calcnlAted  the  qnantlty  at  1,90S 
million  gaUons  without  dedactlng  for  nnacconntable  waste,  which,  on  hiB  a«amptlon  of  ^rd  would 
ndnce  the  tnpply  to  1,969  million  gallons. 

t  Hoanirey  hia  been  made  apeoially  to  show  the  line  of  pipe,  bnt  it  la  hardly  neeeasaiy  for  ma  to 
aay  that  there  will  bo  no  difllcnlty  in  laying  down  the  lino.  It  should  run  along  the  eastern  margin 
of  the  Yehar  Lake  and  along  the  eantem  ridge  of  the  Poway  Valley,  and  so  on  to  the  Tillage  of 
Koorla,  from  which  point  it  would  run  as  shown  in  Plate  XL. 
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conduit.  Another  advantage  which  a  pipe  in  this  particular  instance  would 
give  as,  would  be  that  we  should  be  able  to  supply  all  the  high  localities 
of  Bombay  under  pressure,  and  without  the  help  of  pumps. 

Of  course,  if  the  Kennery  Project  were  carried  out  in  conjunction  with 
the  Toolsee  Scheme,  it  would  be  absurd  to  go  to  the  expense  of  a  special 
iron  pipe  from  Toolsee  to  Bombay.  In  such  a  case  the  Toolsee  water 
should  decidedly  be  thrown  into  the  cliannel  from  Kennery  to  Koorla,  and 
this  could  be  done  at  a  trifling  cost,  inasmuch  as  the  channel  would 
pass  close  to  the  Toolsee  Lake.  The  conduit  and  syphon,  already  pro- 
posed for  the  Kennery  Scheme,  would  be  capable  of  carrying  more  than 
this  extra  quantity  of  water. 

The  outlet  works,  if  the  two  schemes  were  carried  out  together,  would 
be  of  the  character  to  be  described  when  I  come  to  the  Tansa  Project ; 
but  if  the  water  were  drawn  by  a  pipe,  they  would  be  of  the  character 
proposed  by  me  in  1870,  vide  Plate  XXX. 

But  whether  the  Toolsee  Scheme  were  carried  out  by  itself  or  in  con- 
junction with  the  Kennery  Project,  I  would  still  arrange  the  works  so  as 
to  be  able  to  pass  the  surplus  water  at  will  into  either  the  Vehar  or  the 
Kennery  Valley,  and  thus  to  fill  whichever  of  the  lower  lakes  might 
happen  at  the  time  to  be  in  want  of  a  supply. 

If  the  Kennery  Lake  were  full,  I  would  on  no  account — not  even  if 
the  Vehar  Lake  were  full  also — pass  any  water  from  Toolsee  into  the 
Kennery  Valley.  The  surplus  water  in  such  a  case  had  far  better  be 
thrown  into  the  Vehar  Lake.  My  object  in  drawing  attention  to  this 
point  is  to  avoid  the  expense  of  a  large  waste  weir  in  the  Kennery  Valley 
which,  indeed,  is  not  at  all  suited  to  such  a  work.  Now  the  Vehar 
Valley  admits  of  the  construction  of  waste  weirs  to  great  advantage. 
There  are  several  spots  round  the  margin  of  the  lake  admirably  situated 
for  works  of  this  kind,  and  notably  one  behind  the  present  Municipal 
bungalow.  Here  a  large  weir  could  be  constructed,  to  pass  off  the  sur- 
plus water  from  the  Toolsee  Valley,  at  a  much  less  cost  than  one  of  half 
the  size  at  Kennery,  and  the  water  would  escape  down  a  natural  stream 
and  cause  no  damage.  At  Kennery  the  water  from  the  waste  weir  would 
escape  down  along  the  foot  of  the  dam,  and  it  would  be  well  to  reduce 
this  quantity  of  water  as  much  as  possible,  otherwise  special  works  at 
considerable  cost  would  have  to  be  carried  out  to  prevent  the  dam  being 
injured.    In  fact,  I  would  arrange,  so  that  the  Kennery  waste  weir  shoold 
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be  able  to  discharge  the  snrplns  water  from  the  lower  portion  only  of  tho 
ralley,  and  nef  er  would  I  even  allow  the  whole  of  this  quantity  to  pass 
oyer  it,  as  I  would  carry  off  as  much  as  possible  by  the  channel  and 
throw  it  into  the  Vehar  Lake. 


Estimate  No,  1. 
Cost  of  Toolseb  Scheme. 

Dam  to  impound  a  one-year*s  supply,  1,272  million  gallons,  or  8^ 

million  gallons  daily  :— 

Ba 
17  miles  of  21-inch  pipe,  one  inch  thick,  weighing  560  tons 

per  mile,  or,  9,620  tons,  at  Rs.  160  n  ton,  .  •         , ,     16,23,200 

Waste  Weir, 76,000 

No.  1  Dam,  77  feet  high,  containing  459,700  cabic  feet 

of  rabble  masonry,  at  Ks.  26  per  100  cubic  feet,  • .        1,14,925 

No.  2  Dam  (vide  Plate  XX.)»  will  not  be  req aired. 

No.  3  Dam,  a  small  work, 70,000 

Outlet  works,  tower  being  60  feet  high, 1,00,000 

18,83,126 

Add  10  per  cent  for  contingencies,  say,       •  •         •  •       1,88,875 

Land,  say,  50,000 

ToUl,         ••         ..     21,22,000 

Or,  say,  21^  lakhs  of  rupees  for  5^  gallons  per  head  per  diem  for  the 

present  population. 

Estimate  No.  2. 
Dam  impounding  a  two-years'  supply  2,544  million  gallons  :— 

Pipe  as  before,             •        ••  15,23,200 

Waste  weir  as  before,              75,000 

Na  1.  Dam,  92  feet  high,  containing  774,700  cubic  feet  of 

rabble  masonry  at  Rs.  25  per  100  cubic  feet,                   •  •  1,93,675 

No.  2.  Dam,  an  insignificant  work,               •  •         •  •         •  •  10,000 

No.  a  Dam,  containing  1,886,400  cubic  feet,           •  •         •  •  8,46,600 

Outlet  works,  tower  being  65  feet  high,       ••        ••        ••  1,25,000 

22,73,476 

Add  10  per  cent  for  contingencies,  say,       ••        •  •      2,27,525 

Land,  say,  50,000 

Total,        ..        ••    25,01,000 
Or,  say,  25  lakhs  of  rupees. 
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Estimate  No,  8. 
Dam  impounding  a  three-years'  supply,  3,816  million  gallcms: — 

BS. 

Pipe  as  before,          ..         ..         ••         ..         ••        ..  15,23,200 

Waste  Weir,  as  before, 76,000 

No.  1.  Dam,  105  feet  high,  containing  1,001,600  cabic  feet 

of  rabble  masonry,           • .         •  •         • 2,50,040 

No.  2.  Dam,  a  small  work •         ..         ..  70.000 

No.  3.  Dam,  containing  1,911,200  cabic  feet  of  masonry,  4,77,800 

Oatlet  i^orks,  tower  being  nearly  80  feet  high,  •  •         •  •  1,55,000 

25,51,040 

Add  10  per  cent  for  contingencies,  say,  •  •         •  •  2,51,960 

Land,  say,         50,000 

Total,    ••         ••        28,03,000 
Or,  say,  28  lakhs  of  rupees. 

H.  T. 
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No.  LXXXI. 

THE  EWOOR  PROJECT  FOR  "THE  WATER-SUPPLY 
OP  BOMBAY/* 

[Vide  Plates  XLI.  to  XLIIL] 


By  Major  Hector  Tulloch,  R.E. 


The  next  valley  to  consider  is  that  of  Ewoor,  which  (vide  Plate  XXXV.) 
lies  to  the  north  of  Toolsee,  being  separated  from  it  by  a  high  range  of 
hills.  It  is  by  no  means  so  well  suited  to  the  jstorage  of  water  as  either 
Kennery  or  Toolsee,  and  consists  of  one  small  and  two  larger  valleys,  the 
latter  being  divided  by  a  ridge  (vide  Plate  XLI.).  The  upper  part 
of  the  middle  valley  is  very  flat,  but  there  is  no  site  for  a  dam,  and  the 
gathering  ground  is  exceedingly  limited,  being  hardly  a  square  mile  in 
area.  There  are  two  practical  ways  in  which  a  lake  might  be  formed  in 
Ewoor.  The  first  is  by  damming  the  streams  in  each  valley  separately, 
the  second  is  by  damming  the  northern  stream  by  itself,  and  the  two 
southern  streams  below  their  point  of  junction.  In  the  first  case,  three 
dams  would  be  required,  and,  in  the  second,  only  two.  But  to  be  of  any 
use,  the  dams  must  be  very  high,  as  will  be  seen  presently.  Whether 
the  project  of  two  or  that  of  three  dams  were  adopted,  the  area  of  the 
watershed  would  not  differ  to  affect  our  calculations,  so  that  it  may  be 
taken  at  about  4^  square  miles,  or  2,720  acres.  It  would  not  be  advis- 
able to  draw  the  water  at  a  lower  level  than  430*00  on  datum,  as  the 
capacity  of  the  lake  below  this  point  is  very  small.  The  area  of  the  largest 
lake  it  would  be  possible  to  make  would  be  about  900  acres,  and  the  area 
of  the  smallest  lake  it  would  be  advisable  to  have  would  be  450  acres. 
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Taking  Uie  laiiifall  and  evaporation  to  bo  the  same  as  before,  the  qnanti- 
ties  of  water  obtainable  from  the  Ewoor  Valley  in  the  two  cases  would  be :— 
Qaautitj  when  area  of  lake  is  900  acres : — 


900  X4,8i0x  9  X  8i  X  6i 

1,820  X  4,840  X  9  X  4J  X  6i 

Dedact  for  evaporation  : — 

900  X  *,840  X  9  X  21  X  6i 

Deduct  ^rd  for  nnaccoantable  waste, 
Total  namber  of  gallons  yearly, 
Quantity  when  area  of  lake  is  450  acres  :— 

450  X  4,840  X  9  X  85  X  6i 
2,270  X  4,840  X  9  X  4*  X  Ci 

Deduct  for  evaporation  :  — 

450  X  4,840  X  9  X  2i  X  6i 


Deduct  |rd  for  unaccountable  waste, 
Total  number  of  gallons  yearly, 


Gallons. 
2,082,712,600 
2,229,727,500 

4,312,440,000 

612,562,500 

8,699,877,500 
1,233,292,600 

2,466^86,000 


1,041,356,260 
2,781,033,750 

3,822,390,000 
306,281,250 

3,516,108,750 
1,172,036,260 

2,344.072,600 


The  difference  is  not  great  between  the  two  results,  so  that  we  may 
assume  2,400  million  gallons  yearly,  or  say  6^  million  gallons  daily  (equi- 
valent to  10  gallons  per  head  per  diem  for  the  present  population  of 
650,000),  to  be  the  supply  obtainable  from  the  Ewoor  Valley. 

By  reference  to  the  Table  on  Plate  XL  I.,  it  will  be  seen  that,  to  store 
this  quantity,  the  surface  of  the  lake  must  be,  in  the  case  of  the  reseryoir 
with  two  dams  at  about  4G0'00  on  datum,  and,  in  the  case  of  the  reseryoir 
with  three  dams,  at  about  464*00  on  datum.  To  store  double  this  quan- 
tity (4,800  million  gallons),  or  a  two-years'  supply,  the  surface  of  the  lake 
in  the  two  reservoirs  must  be  at  47600  and  481  00  on  datum,  respectiTe- 
ly ;  and,  to  store  three  times  this  quantity  (7,200  million  gallons),  or  a 
three-years'  supply,  the  surface  must  be  at  490*00  and  495*00  on  datam. 

If  we  suppose  the  bottom  of  the  foundation  of  the  dam  to  be  six  feet 
below  the  bed  of  the  stream,  which  runs  oyer  rock,  it  will  be  at  845'00 
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»n  datum,  and,  if  we  suppose  the  masonry  to  be  carried  five  feet  above 
he  surface  of  the  water,  the  height  of  the  main  dam  to  impound  the 
lififerent  quantities  of  water  will  be : — 

Reserroir  Rawnroir 

with  2  Dams.  with  8  Damg. 

Foet.  Feet. 
To  impoand  2,400  million  gallons,  or  a  one-year's 

sapply  (465  -  345)  and  (4C9  —  345),    ..         ..       120  124 
To  impound  4,800  million  gallons,  or  a  two-years' 

supply  (481  -  345)  and  (486  -  345),    . .         . .       186  141 
To  impound  7,200  million  gallons,,  or  a  three-years' 

supply  (495  — 345)  and  (500-345),     ..         ..       150  165 

These  dams  are  not  so  high  as  those  required  to  store  a  one,  two,  and 
hree  years'  supply  in  the  Kennery  Valley,  but  the  supply  from  Kennery 
3  greater  than  that  from  Ewoor  in  the  proportion  of  3,000  to  2,400 
million  gallons  yearly,  or  of  13  to  10  gallons  per  head  per  diem  for  the 
resent  population.  To  compare  the  heights  for  the  absolute  quantities 
f  water  stored,  the  dams  in  the  two  valleys,  to  store  3,000,  6,000,  and 
,000  million  gallons,  would  be  about  the  same  height — 130  feet,  say  150 
iet,  and  say  170  ftiet.  All  the  necessary  information  regarding  the  dams 
I  given  on  Plate  XLII. 

There  is  a  small  village,  named  Ewoor,  which  would  have  to  be  remov- 
i  in  the  event  of  this  valley  being  utilized,  and,  if  this  were  done,  the 
ater  would  be  of  the  same  character  as  that  from  the  other  sources  in 
alsette. 

I  would  draw  the  water  from  the  Ewoor  Lake  by  a  channel,  as  the 
leapcst  and  best  method.  If  a  pipe  were  adopted,  it  would  require  to 
e  27  inches  in  diameter  and,  in  order  to  resist  the  pressure  of  nearly  500 
iet,  l^  inch  thick.  Such  a  pipe  would  cost  about  1|  lakhs  of  rupees  a 
lile,  and  would  deliver  but  6^  million  gallons  daily ;  while  a  channel 
ith  a  waterway  four  feet  deep  by  five  wide  would  cost  Rs.  90,000  a 
lile,  and  would,  with  a  slope  of  one  foot  per  mile,  carry  17  million  gal* 
ms  daily  to  Koorla. 

Plate  XXXV.  will  show  the  course  whicK  the  channel  would  take,  and 
Hate  XLII  I.  is  a  section  of  the  line.  The  Ewoor  Lake  lying  as  it  does 
t  a  considerable  elevation  above  Vehar,  a  great  slope  could  be  given  to 
lie  channel.  If,  for  instance,  the  water  were  to  be  drawn  at  430*00  on 
atum,  as  previously  proposed,  there  would  be  an  available  fall  for  the 
ix  miles  of  channel  to  Yehar  of  nearly  170  feet.    Such  a  slope  amounts 
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to  more  than  28  fe«t  per  mile,  and  a  channel  of  the  abore  dimenaioiif 
with  this  fall  would  discharge  more  than  90  million  gallons  daily,  baft 
the  velocity  of  the  stream  would  exceed  500  feet  per  minute,  or  say  6 
feet  a  second — more  than  any  conduit  should,  in  my  opinion,  be  sub- 
jected to. 

It  will  he  seen  in  Plate  XLIII.  that,  instead  of  this  great  slope,  one 
of  only  a  foot  a  mile  has  been  given  to  the  channel,  and  I  will  explain 
the  reason. 

If  the  Ewoor  Project  were  ever  to  be  carried  out,  I  think  the  same 
principles  should  be  borne  in  mind  as,  I  have  endeavored  to  explun, 
should  guide  us  in  the  Kennery  Scheme.  In  describing  the  latter,  I  pointed 
out  how  important  it  would  be  to  construct  the  works,  so  that  they  should 
be  independent  of  Yehar,  but  still  arranged  in  snch  a  way  as  to  add  to 
the  security  of  the  existing  supply.  And  I  recommended  that  the  chan- 
nel from  the  Kennery  Lake  should,  for  the  first  two  miles  of  its  coarse, 
have  not  only  a  greater  slope,  but  a  greater  section,  in  order  that,  if  the 
Kennery  Lake  were  full,  a  considerable  quantity  of  the  waste  water  might 
be  passed  into  the  Yehar  Lake  to  get  it  full  also. 

Now,  with  regard  to  the  Ewoor  Lake,  I  have  shown  that  an  enormous 
fall  is  available  for  the  channel,  and  that,  if  we  chose,  we  could,  without 
even  enlarging  the  section,  deliver  a  great  quantity  of  water  to  Yehar. 
But  I  would  not  recommend  this  course.  It  must  already  be  evident  to 
every  one  that  the  time  will  shortly  arrive,  if  it  has  not  done  so  already, 
when,  in  order  to  add  to  the  water  supply  of  Bombay,  we  shall  be  compelled 
to  make  a  high  level  reservoir  beyond  Salsette.*  Snch  a  reservoir  most 
have  a  high  level  channel  along  the  range  of  hills  lying  to  the  west  of 
Kolset,  Tannah,  and  Bhandoop ;  and  it  wonld  be  a  grave  mistake  not 
to  construct  it  at  such  a  level  that  it  should  command  Yehar.  NoWi 
such  a  channel  must  follow  as  nearly  as  possible  the  course  of  the  last 
9^  miles  of  the  Ewoor  Gondnit,f  shown  in  Plate  XLIII.  This  being 
the  case,  and  supposing  that  the  Ewoor  Project  were  carried  out,  then 
I  think  it  would  be  very  wise  to  give  the  portion  of  the  Ewoor  channel 
lying  above  the  Yehar  Lake,  5|  miles  long,  a  much  larger  section  than 

•  lujhigh  lewOt  becMiM,  m  tlie  reader  wiU  see  farther  on,  the  beetproject,  with  Alowlertf  rei«. 
Toir— Tis.f  Kamnn— caonot  eompare  with  projecta  of  the  high  level  mervoir  claas,  either  for  cob* 
venienoe  or  eheapncea.  Under  theee  drcometescee,  there  ia  net  a  great  probability  o<  iiMk app»- 
jeot  being  oarried  ont. 

1  The  reader  wIU  aee  the  foroeof  aU  thia  when  hecomea  to  tfaeTansa  Project. 
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the  rest— a  section  6  feet  wide  by  6  high.  Such  a  channel  would  dis- 
charge 36  million  gallons  daily.  The  first  1 J  miles  of  conduit  from  the 
Ewoor  Lake  should  have  a  fall  to  deliver  the  same  quantity  at  least 
into  the  lower  channel.  But  I  should  prefer  to  give  it  even  a  greater 
slope  than  this — in  fact,  the  greatest  slope  possible  without  incurring 
the  risk  of  the  velocity  of  the  water  injuring  the  channel.  As  we  have 
an  excessive  slope  at  our  command,  it  may  be  convenient,  especially  as  to 
do  so  will  entail  no  additional  expense,  to  arrange  for  drawing  as  much 
water  as  we  can  from  the  Ewoor  Lake.  The  greatest  velocity  which  the 
stream  might  have  is  about  five  or  six  feet  per  second,  and  a  channel 
having  a  waterway  five  feet  wide  and  four  deep,  with  the  latter  velocity 
would  deliver  64  million  gallons  daily,  and  would  require  a  slope  of  14 
feet  per  mile.  As  the  portion  of  channel  with  this  slope  would  not  ba 
more  than  1^  miles  long,  the  total  fall,  when  it  reached  the  lower  level 
conduit,  would  be  21  feet,  and  as  the  lower  conduit  at  the  point  of 
junction  with  the  upper,  would  be  at  268*25  on  datum,  and  the  upper 
conduit,  starting  from  the  lake  at  430*00,  would  be  at  409  00,  the  water 
would  have  to  be  dropped,  say,  140  feet 

Thus,  then,  the  arrangements  which  I  would  make  regarding  the 
channel  are  as  follows : — It  would  leave  the  Ewoor  Lake  at  430*00  on 
datum,  with  a  slope  of  14  feet  per  mile,  and  a  waterway  five  feet  wide  by 
four  deep.  After  running  for  li  miles,  it  would  suddenly  drop  about 
140  feet,  and  start  again  on  its  course  at  268*25  on  datum,  with  a  slope 
altered  to  one  foot  per  mile,  and  a  waterway  six  feet  wide  by  six  deep. 

On  reaching  its  point  of  junction  with  the  Kennery  Channel*  (near  the 
Yehar  Lake)  it  would  be  at  262*50  at  datum — i.  e.,  exactly  the  level  of 
the  lake  when  full.  From  this  point  it  would  follow  the  course  of  the 
Kennery  channel  precisely,  and  so  arrive  at  the  Koorla  Reservoir,  with  ita 
invert  at  255*50  on  datum,  and  the  level  of  the  water  in  the  Koorla 
reservoir  would  be  as  before— viz.,  259*50  on  datum,  or  three  feet  below 
the  surface  of  the  Yehar  Lake. 

If  the  Kennery  and  Ewoor  Projects  were  carried  out  conjointly,  one 
conduit  from  the  point  of  junction  of  the  two  channels  would  suffice,  inaa- 
much  as  that  proposed  for  either  (with  a  waterway  five  feet  wide  by  four 
deep,  and  with  a  slope  of  a  foot  per  mile)  would  be  capable  of  diachargiDg 
the  supply  from  both. 

•  rid$  ftaUXXXV,   Th«  point  of  junction  in  thli  PM«  ihoold  bo  hlgUr  hj  About  half  a  mite. 
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Now  let  OS  866  what  the  effect  or  working  of  the  proposed  anfaDgemenU 
would  be. 

If  the  Ewoor  Lake  were  full,  and  it  were  considered  advisable  to  throw 
the  surplus  water  into  Vehar,  the  channel  would  bring  down  3G  million 
gallons  daily,  and  as  6^  millions  only  would  be  required  for  the  daily 
supply  to  Bombay,  the  remaining  29^  million  gallons  could  be  thrown 
into  the  present  lake.  And  when  the  time  came  to  construct  a  high 
level  reservoir  beyond  the  island  of  Salsette,  the  portion  of  the  Ewoor 
Channel  along  the  eastern  slope  of  the  Tannah  range  of  hills  and  up  to 
Yehar,  a  length  of  ^ve  and  a  quarter  miles,  would  be  ready  to  hand,  and 
would  answer  for  the  project  perfectly,  and  without  further  outlay.  If, 
on  the  other  hand,  the  channel  from  the  Ewoor  to  the  Vehar  Lake  were 
constructed  of  a  smaller  size,  and,  in  order  to  get  the  same  discharge,  an 
uniform  slope  of  twelve  feet  per  mile  were  given  to  it,  and  this  could 
easily  be  done,  then  the  channel  would  not  work  in  with,  or  be  of  any 
use  to,  the  future  projects.  It  would  be  far  above  the  level  to  which  it 
would  be  possible  to  bring  the  water  from  any  distant  reservoir.* 

The  surplus  water  which  might  not  be  required  for  Vehar  could  be  passed 
over  a  waste  weir  down  into  the  lower  portion  of  the  Ewoor  Valley  ;  but  as 
this  weir  would  be  of  the  ordinary  kind,  it  is  unnecessary  for  me  to  dwell 
on  it. 

The  outlet  works  at  the  Ewoor  Lake  would  be  similar  in  character  to 
those  proposed  for  the  Tansa  Reservoir,  and  described  further  on.  Special 
arrangements  of  the  same  kind  would  also  have  to  be  made  for  dropping 
the  water  from  the  upper  into  the  lower  conduit,  or  this  might  be  effected 
by  letting  the  water  down  a  series  of  st^ps.  The  hill  at  the  site  of  the 
proposed  works  is  exceedingly  rocky,  and  therefore  well  suited  to  the  pur- 
pose.f 

The  upper  Koorla  Reservoir  would  answer  just  as  well  for  the  Ewoor 
as  for  the  Kennery  Project,  and  having  already  described  it,  nothing 
further  need  be  said  on  the  subject. 

From  the  Koorla  Reservoir  a  pipe  26  inches  in  diameter  would  be 
required  to  Bombay,  and  this  should  be  at  least  one  inch  thick.  The  line 
along  which  the  pipes  would  run  is  shown  in  Plate  XL. 

*  Thia  win  be  erident  to  the  reader  after  the  description  of  the  Tansa  channel. 

t  Another  mode  of  bringing  the  water  down  from  the  upper  into  the  lower  channel  wonld  b«  !• 
erret  a  turbine  or  othor  form  of  water  engine,  and  to  apply  the  force  of  the  water  to  eome  neeful  por- 
poee.  Six  and  a  half  million  gallon*  falling  through  140  feet  wonld  beeqniTaleot  to  mora  thui  17ft- 
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Estimate  No,  1. 
Cost  of  Ewoob  Sghkmb. 

Main  dam  being  124  feet  high,  and  impounding  one-yearns  supply, 
2,400  million  gallons,  or  6^  million  gallons  daily  :^ 

5}  miles  of  channel,  with  a  water-way  4  feet  deep  by  5  feet 

wide,  at  Rs.  80,000  a  mile,  4,20,000 

5i  miles  of  ditto,  6  do.  by  6  feet  wide,  at  Rs.  1,50,000  a  mile,     7,87,500 
94  miles  of  26-iDch  pipe,  from  Kooria  Besenroir  to  Bombay 
1  inch  thick,  weighing  650  tons  per  mile,  or  6,1 75  tons, 

at  Rs.  160  a  ton,         9,88,000 

I  mile  syphon  pipe,  48  inches  in  diameter,  and  1  inch  thick, 

weighing  960  tons,  at  lis.  160  a  ton,  1,68,600 

Waste  Weir,        1,25,000 

Kooria  Reserroir,  with  its  outlet  works  and  waste  weir,      • .     8,00,000 
Works  to  take  the  water  from  the  upper  to  the  lower  channel,   1,40,000 

29,14,100 
Main  Dam,  124  feet  high,  containing  6,260,600  cubic  feet,  at 
Ra.  25  per  100  cubic  feet  of  rubble  masonry,        •  •        • .  15,65,150 

No.  8Dam,         ^     1,61,000 

No.  4Dam,        2,21,000 

Outlet  works, 2,00,C00 

50,61,250 

Add  10  per  cent  for  contingencies,  say, 5,06,750 

Land, 50,000 

Tutal,        ..         ..  56,18,000 

Or,  say   5(>^  lakhs  of  rupees  for  10  gallons  per  head  per  diem  for  tho 
present  population. 

Eitmate  No.  2. 

Main  dam  being  141  feet  high,  and  impounding  two-jMrs'  supply,  or 
4,800  million  gallons  :«> 
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Excepting  Dams  and  outlet  works,  other  works  as  before,  yia.,  29,14,100 
Main  Dam,  141  feet  high,  containing  8,300,000  cubic  feet,  at 

Rs.  25  per  100  cubic  feet  of  rubble  masonry 20,75,000 

No.  8  Dam,         2,51,000 

No.  4  Dam 8,20,000 

Outlet  works, •*        2,00,000 

67,60,100 

Add  10  per  cent,  for  contingencies,  say, 5,76,900 

Land,  say,       75,000 

Total,        ..        ..  64,12,000 
Or,  Bay,  64  lakhs  of  rupees. 

Estimate  iVb.  3. 

Main  dam  being  155  feet  high,  and  impounding  three-years'  supply,  or 
7,200  million  gallons : — 

BS. 

Excepting  Dams  and  outlet  works,  other  works  as  before,  viz.,  29,14,100 
Main  Dam,  155  feet  high,  containing  10,743,000  cubic  feet  of 
rubble  masonry,  at  Rs.  25  per  100  cubic  feet,        . .         • .  26,85,750 

No.  a  Dam,         8,51,000 

No.  4Dam,         4,09,000 

Ontletworks, 2,50,000 

66,09.850 

Add  10  per  cent  for  contingencies,  say, 6,60,150 

Land, 1,00,000 

Total,        ..         ..  78,70,000 
Or,  say,  78}  lakhs  of  rupees. 

If  in  place  of  enlarging  the  channel  for  5;^  miles,  it  were  decided  to 
have  a  conduit  with  a  waterway  five  feet  wide  by  four  deep  all  the  way 
to  Yehar,  and  with  a  uniform  slope  of  12  feet  per  mile,  the  cost  of  each 
of  the  above  projects  would  be  reduced  by  about  4^  lakhs  of  rupees. 

If  the  project  of  two  dams  in  place  of  three  were  adopted,  the  cofli 
would  be  enhanced  as  follows  : — 

BS. 

Frcject  for  one-year's  supply,  as  before,        56,18,000 

Add  for  additional  cost  of  dams,       6,00,000 

Total,        ..        ..  62,18,000 


THE   KWOOR  PROJECT.  258 

B8 

Project  for  two-jean'  supply,  as  before,        64,12,000 

Add  for  additional  cost  of  dams,        7,59,000 

Total,        ..         ..  71,71,000 

Project  for  three-jears'  snpplj,  as  before,      .  •         . »         •  •  78,70,000 
Add  for  additional  cost  of  dams,         10,09,000 

Total,         ..         ..  88,79,000 

In  these  three  cases  the  quantities  of  water  impounded  wonld  be  slight- 
ly in  excess  of  those  obtained  by  the  construction  of  three  dams,  but  the 
practical  difference  is  not  worth  consideration.  The  greater  cost  is  caused 
by  No.  2  Dam  {vide  Plate  XLII.)  being  more  expensire  than  Nob.  8 
and  4  Dams  taken  together. 

H.  T. 
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I  Lire  I  S.0  »:--■»-•:  l:-""  l".:-  :.-■»  :in5  i-  r^iz.  Ti..-rj  ii-^ss  re  to  is 

Litr.ert.-i  jL»5~.T.rrI  ::.*♦.  the  Tr*:«»f  :c"j:=.i".!-i  :a  ei.:h  tx  '.-zJ  ^h'Z^l  i  b*  s^rr 
in  th.it  T»I!-T :  h^t  ■-.  :?  ir:a=.::"*«t  that  iLi*  zr^i  f.t  m  c-:c<  in  rract» 
I  wL*h  row  to  dW.K.'.^  ir.»  -zji^^-.n.  whether  it  :s  pcsei'!*  ani  prefenh 
to  ^tore  the  water  e^='5wh*re- 

Aj  the  Ewc/<;r  Lake  lies  o:nFi'i*rar'lT  ar«:Te  b-rth  K*n2*rT  and  T«hi 
no  wat^r  from  these  two  latter  rallej?.  n^r  iaieei  frcm  T->:!se«  cooli  i 
thrown  into  it.  Therefore  to  impccnd  more  water  in  Ewcor  tlraa  o 
be  snpplled  from  ita  own  gatherinz  zrocni  is  not  po«s;b!e. 

Some  of  the  water  from  Ewoor  mi^ht  te  thrown  into  the  Toobce  T-afc 
bat  this  lake  is  a  rerj  small  one.  ani  it  stvids  in  sc:h  a  position  1 
Vehar  as  to  render  rerr  high  l^ms  oljectionxLIe,  sc  that  it  will  not  I 
able  to  bold  more  than  a  tbree-jeare'  s^^t^J  ^^^^^  ^^  own  gasheru 
gToond. 

•  z  am  £nc!BSaff  TooXwe  !b  Koiaay. 
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The  Ewoor  water  could  likewise  be  thrown  into  Kennery ;  bnt  for  thia 
lake  also,  as  the  reader  is  aware,  a  dam  of  155  feet  high  is  required  to 
impound  a  two-years'  supply  from  its  own  gathering  ground  only.  It  is 
out  of  the  question,  therefore,  to  arrange  for  it  to  store  a  surplus  supply 
from  Ewoor. 

There  is  only  one  alternative  left  to  consider,  and  I  am  of  opinion  that, 
if  it  were  feasible,  it  would  be  best  to  collect  all  the  water  from  the  Sal- 
sette  Valleys  into  the  Yehar  Lake.     This  could  not  be  done  by  raising 
the  present  dams.     It  would  be  the  height  of  folly  to  attempt  such  a  thmg ; 
but  let  us  see  if  new  dams  could  be  substituted  in  place  of  those  now 
existing.     New  dams  might  be  built  behind  the  present  Nos.  2  and  3 
Dams,  but  the  lake  would  probably  have  to  be  emptied  to  make  the  work 
safe.     It  would,  however,  be  impossible  to  build  a  new  work  behind  No.  1 
Dam.     On  the  western  side  this  dam  rests  on  the  slope  of  a  hill  which  is 
only  just  wide  enough  to  give  it  a  hold.    A  Dam  immediately  behind  it 
would  hare  nothing  to  rest  against  at  all.     Finding  this  to  be  the  case, 
the  idea  occurred  to  me  that  it  might  be  better  to  abandon  No.  1  Dam 
altogether,  and,  in  place  of  it,  to  build  two  dams  lower  down  the  valley— 
in  fact,  in  the  positions  originally  selected  by  Mr.  Conybeare  for  what  he 
termed  his  "  Large  Beservoir."    By  reference  to  the  Contoured  Plan*  of 
the  Yehar  Reservoir,  the  positions  of  these  dams,  which  were  called  No. 
8  and  No.  4  Dams,  will  be  seen.    Sections  of  the  valleys  at  these  points 
have  been  taken  by  me,  but  I  regret  to  say  the  project  has  not  turned  out 
a  promising  one.    It  was,  indeed,  on  account  of  the  heavy  nature  of  the 
work  which  these  dams  would  have  entailed,  that  induced  Mr.  Conybeare 
to  advocate  the  construction  of  the  smaller  lake,  and  the  building  of  what 
is  now  called  No.  1  Dam,  which  in  Mr.  Conybeare's  Plan  (as  in  the  Plan 
above  quoted)  was  called  No.  5  Dam.    He  proposed  that  these  dams  should 
be  only  80  feet  high,  and,  moreover,  added  that  *'  the  high-water  level 
might  be  increased  to  84  feet,  but  not  higher,  without  inconvenience.** 

Now,  I  calculate  that  if  the  Yehar  Lake  were  made  to  hold  a  three- 
years'  supply  from  the  Kennery  and  Ewoor  Yalleys  in  addition  to  the 
three-years'  supply  from  its  own  gathering  ground,  which  is  what  it  holds 
at  present,  the  surface  of  the  lake  would  have  to  be  raised  25  feet  above 
its  present  level.    In  addition  to  this,  the  surface  of  the  ground  does  not 

•  Vide  Piatt  ZX.,  of  No.  LXXVn.,  Profe«ioiua  Pftpm  on  IndUn  XncinMriBg ,  Seoond  Seriti. 
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giYO  n9  a  prospect  of  a  solid  foandation  for  any  of  the  dams  at  a  less  deptb 
than  about  15  feet.  It  follows,  therefore,  that  the  two  dams  which  would 
have  to  be  bnilt  behind  the  present  Nos.  2  and  3  Dams,  which  are  about 
50  feet  high,  would  require  to  be  90  feet  high,  and  the  two  dams  to  be 
substituted  for  the  existing  main  dam,  which,  as  it  stands,  is  90  feet  high, 
would  require  to  be  130  feet  high.  Nor  is  this  all,  for  there  is  a  ridge 
between  these  latter  dams  which  is  lower  than  the  proposed  lerel  of  the 
lake,  so  that  a  long  dam  would  be  required  here  to  prerent  the  water  es- 
caping. There  are  also  one  or  two  other  spots  round  the  mai^gin  of  the 
lake  which  would  hare  to  be  embanked.  Altogether,  the  cost  of  these 
works — about  72  lakhs  of  rupees — would  be  so  out  of  proportion  to  the 
benefits  to  be  deriyed  from  them,  that  we  may  look  upon  it  as  a  hopeless 
task  to  attempt  to  store  much  more  water  in  Yehar  than  it  holds  at  pre- 
sent.   The  money  that  would  be  required  for  the  new  dams  eonld  be  used 

to  far  better  purpose  otherwise. 

H.  T. 
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1.  Objects  proponed, — It  is  proposed  to  inrestig-ate  in  this  Piip«i 
the  Problems  of  Stability  and  Strength  of  Maionry  WeU-foundatioiu 
in  quick tand. 

Th^'se  are  Problems  of  great  practical  importance,  a?  the  Piers  of  m*-'5i 
of  the  Railway  Bril^es  over  the  great  InJian  river?  are  in  general  simj Ij 
large  Masonry  WelU  sunk  in  many  instances  in  qiiiok<an'l  beds. 

[This  PaT*€r  is  intetnle-l  to  be  a  omr-lete  invc-iijation  of  tho  wh  »Ie  Problem  (« 
far  A5  the  pn  8cnt  «tate  of  scicn-^p  a.imit.s  ,,  with  the  rinal  results  in  a  f'-»rm  imme'iiate 
Iv  suitalle  for  cah-nhitmnii  of  the  pructtcnl  ICnginter :  all  "  resnlts  "  are  accordixi^Ii 
either  re«iu^-e'l  to  simple  al;:ebraic  fomiiil.'e  or  to '*  si mjle  statements  of  faot,"  anc 
nnmbercd  teriatlm.  All  detailed  mathematical  invesd^aiions  are  separated  into  ax 
Appendix. 

A  complete  nnmerical  solution  of  one  actual  Example  is  jriven  Art.,  57,  69,  with  full 
references  (for  all  f'irmulae  use-i)  to  the  Text,  s*-)  that  no  did5:n!ty  sh:»uld  «xrcur  to  th< 
practical  Eugineer  in  applying  the  principles  and  formulae  of  this  Paper  to  practice]. 


2.  It  may  be  premise*!  that  the  particular  practical  case  which  jsrarc  rise  to  thij 
inrestization  was  that  of  the  Well-foundations  of  certain  BhiIltm  over  the  Ganges^ 
Bim^anrr^.  S&i,  Gnmti  and  Garra  Rivers  on  the  Oudh  and  Rohilkhand  Rnilway. 

The  Bri'I;^  over  the  Ramjan;:;!  has  been  sclerteJ  as  an  example  in  illustration  oi 
the  Methods  ami  Formulae  of  this  Paper,  as  being  one  of  the  most  tmiarorable  caset, 
the  soil  beina:  simfily  quicksand. 

An  outline  din  pram  of  one  of  the  Piers  is  piven  {Plate  XLIV.,  Art.  57).  It  will  b« 
seen  that  the  Pier  is  sunk  75  feet  below  the  cold  weather  l.eil  f^i  the  stream,  and  it  ii 
■npposed  thnt  in  the  worst  fl<^K>ds  scour  mijrht  take  place  to  a  dr-pth  of  50  ftet.  Th< 
greatest  surface  velocity  is  believed  not  to  excee<i  !♦»  feet  per  second. 

The  Girders  of  the  Bridjje  expose  a  large  surface  (317  square  feet  from  Pier  t< 
Fier)  to  the  Wind.  The  Piers  themselves  are  liable  to  the  shi-tck  of  Drift  Timbei 
Lotrs  and  Raft«,  and  of  laden  Boats.  The  numerical  data  are  taken  from  the  officiai 
Railway  Records. 

Summary  of  Results, 

S.  In  conseqnence  of  the  length  of  this  Paper,  it  is  considered  adriss- 
ble  to  give  a  general  summary  of  the  £esults. 


Section. 

Art.      Retnlt. 

Brief  Sutcmcnt  of  Besplu. 

Is 

5 

7 

' 

A  "  slender  Pier  in  a  rapid  current  orer  a  qaicksand  bed  * 
may  fail  in  four  waya,  riz  ,  by  iimking,  aliding,  tiUtmg,  or  9map- 
ping :  these  give  rise  to  (oar  distinct  problems. 

The  data  for  theM  Problems  very  imperfect 
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Section. 

Art. 

Result. 

Brief  Statement  of  Resaltf. 

It 

7 

9 

11 

A  proper  numerical  solution  at  present  Mnpofwible. 

Useful  generalizations  may  however  be  certainly  drawn,  and 
a  numerical  solution  mav  be  found  oa  certain  hypothesM. 
These  are  the  objects  of  this  Paper. 

The  Problem  treated  as  a  Statical  Problem. 
Impact  can  only  be  imperfectly  allowed  for. 

The  External  l^'orces  divisible  into  two  sets  of  parallel  foroei« 
viz.,  Vertical,  and  Horizontal  (parallel  to  stream). 

1 
§ 

1 

CO 

13 

15 
16 

18 

20 
21 

22 

4« 

n 

(6) 

The  Total  Friction  developable  from  the  subsoil  is  alone  w/' 
fieietit  to  support  the  Weight  of  the  Well 

Quicksand  can  at  great  depths  bear  very  ^reat  direet  pres- 
sure, and  also  yield  great  tangetUiai  resistance,  and  is  there- 
fore semi-solid. 

Water-percolation  does  not  affect  the  "Whole  Pressure"  of 
the  Bi)per  courses  of  Ma8<mry  on  the  lower  :    that  "  Whole 
Pressure  "  is  aln:a^8  simply  the  Weight  of  those  courses. 

Water  having  access  to  a  Well's  base  exerts  an  upward 
pressure  equal  to  the  Weight  of  the  fluid  displaced,  which  is 
wholly  conducive  to  Instability  (of  Rotation). 

In  questions  of  Vertical  and  Rotary  STABILITY  this  is 
conveniently  allowed  tor  by  reducing  the  "  effective  heayi- 
ness"  of  the  immersed  masonry  by  62 i  lbs.  per  cubic  foot, 

Water-percolation  seriously  reduces  a  Well's  Transvebsb 
Strength. 

The  Masonry  of  the  Wells  should  therefore  be  set  in  good 
cement,  and  bonded  vertically  with  iron  ties. 

The  Vertical  subsoil  Re-actions,  both  "  Direct  *•  and  Friction- 
al,  always  set  upwards,  and  are  always  conducive  to  Inbtabi- 

LITY. 

There  appears  danger  of  Wells  failing  hy  sinking  under  tha 
peculiar  action  of  the  Disturbing  Forces  after  full  scour  has 
taken  place. 

Experimental  data  not  available  for  a  numerical  estimate. 

IS 

ii 

10 

23 

24 
26 

27 
Si 

(7)  to 
(12) 

Records  of  Wind-pressure  for  India  Tery  imperfect 
Maximum  Wind-pressure  in  Oudh  is  40  lbs.  per  sq.  ft,  and 
in  Lower  Bengal  50  lbs.  per  sq.  ft 

FormulflB  for  Total  Wind-Pressure,  and  Moment  of  the  same. 

Laws  of  Current-pressnre  complex^  and  imperfectly  known. 
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RMUlt. 

Brief  Statement  of  Resalts. 

1 

h 

28 

29 
to 
31) 

41 
43 

13 
to 
29 

34 

Subsurface  velocity  varies  as  abscisss  of  a  parabola  wh« 
ordinates  represent  depths. 

New  and  simple  formnbc  proposed  for  Subsurface  Veloritj 
and  for  Intt:nsit  v,  Total.  Centre,  and  Moment  of  Currcut-pressuj 
on  Well  and  on  Drift  Mass. 

The  Disturhinp:  Forces  increase  both  the  up-stream  and  dowi 
stream  llori£()nUil  Ke-actions  of  the  soil,  and  raise  the  centre  < 
pressure  of  the  former  and  depress  that  of  the  latter. 

Wells  should  be  sunk  below  level  of  "  no  motion  "  of  snl 
soil. 

This  level  is  in  this  Problem  the  "  virtual  bed  "  of  the  cm 
rent 

1 

s 

45 
4C 

48 
49 

t&. 
ih. 
60 

51 

64 
55 

66 
67 

(38) 
(39) 

(«) 
(41) 

(49) 
(58) 

Problem  of  Hotar>'  Stability  is  complex,  and  resembles  thi 
of  Stability  of  ships. 

Point  chosen  as  **  Centre  of  Moments"  indifferent. 
The  Rivactions  of  soil  cannot  be  disrcganled  (as  in  Stractun 
on  rigid  FouudutionH). 

Resultant  Moment  of  all  the  Vertical  Forces  is  a  Moment  < 
Stability. 

Increased  sinking  increases  the  Moment  (of  Instability)  c 
the  Disturbing  Forces,  and  al-w)  the  available  Resultant  Momei 
(of  Stability)  of  Horizontal  subsoil  Re-actions,  the  latter  in 
hit/her  ratio'. 

The  Horizontal  subsoil  Rosistrtuce  is  the  c^ief  element  c 
Stability  of  Rotation,  and  the  PierV  Weight  is  a  comparatittl 
unimportant  clement 

Stability  of  rotation  can  only  be  secured  by  deep  sinking. 

Stability  of  rotation  cannot  be  n>ith  certainty  numerical] 
estimated  for  want  of  experimental  data  on  nature  of  lubso 
re-action. 

By  making  certain  hypotheses  b.  highly  prohahle  nummci 
value  may  be  found  for  the  intensities  of  pressure  on  the  ao 
caused  by  the  Disturbing  Forces. 

Formula)  for  Total  of,  also  for  ^Ican  and  Maximum  Int«na 
ties  of,  Horizontal  subsoil  Resistance  on  these  hypotheses. 

It  rests  with  the  practical  Engineer  to  decide  in  each  cai 
whether  a  particular  soil  can  bear  these  ))res8ure8. 

Example — Pier  for  lUmgang4  Bridge.  Maximum  praunr 
intensitieB  on  subsoil  found. 
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Result. 


Brief  Statement  of  Results. 
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61 

62 
65 
68 

68 
69 


(54) 
(64a) 


The  Plane  of  Greatest  stress  lies  at  a  short  distance  below 
the  current  bed,  probably  aboat  I  of  depth  of  sinking. 
The  Stresses  at  this  plane  only  require  investigation. 

No  reliance  should  be  placed  on  vertical  Tenacity  of  Maaonrj 
simply  set  in  mortar. 

Formulae  for  Greatest,  Mean,  and  Least  Stress-intensities  at 
plane  of  Greatest  Stress. 

Slender  Piers  suffer  some  Tensile  Stress  nearly  throvghout 
their  length.  Such  Piers  if  simply  set  in  Mortar  are  danger- 
ously liable  to  fail  by  opening  of  joints  under  Tension  ;  they 
should  for  safety  be  tied  with  vertical  Iron  Ties  throughout. 

A  solid  cylindric  pier  is  one  of  the  weakest  forms  as  regards 
Transverse  Strength. 

Example. — Pier  for  R&mgang4  Bridge.  Longitudinal  Stress- 
intensities  found. 

This  Pier  is  strong  enough  if  tied  with  vertical  iron  ties 
throughout,  but  if  simply  set  iih  mortar  its  Transverse  Strength 
is  doubtful. 


4.  Practical  Conditions, — The  great  rapidity  of  the  large  Indian  rivers 
in  flood,  and  the  shifting  nature  of  their  beds  (often  quicksand)  lead  to 
the  practical  condition  that 

1®.  "The  natural  waterway  must  be  as  little  as  possible  diminished  by  introduc- 
tion of  Piers,'*  and  consequently 

2®.  **Tho  Piers  must  be  as  slender  as  is  compatible  with  the  requisite  Stability 
and  Steenoth.'' 

5.  Stability  and  Strength. — The  consequence  of  these  particular 
practical  conditions,  viz.,  "  a  slender  Pier  in  a  rapid  current  over  a  quicksand 
bed  "  is  that  the  complete  Treatment  of  the  Problem  requires  the  consi- 
deration of  a  number  of  elements  most  unusual  in  Masonry  Structures,  viz. 
of  the  distinct  problems  of  Stability  and  Strength,  and  moreover  of 
several  distinct  forms  of  the  former.  In  fact  the  Wells  appear  liable  to 
fail  in  four  distinct  ways,  specified  below,  each  of  which  gives  rise  to  a 
distinct  Problem  as  stated. 


No. 


Manner  of  failing. 


Problem  of 


By  sinking  as  a  whole. 
By  sliding  as  a  whole, 
By  tilting  over  as  a  whole, 
By  cross-breaking  or  snapping, 


Vertical  Stability. 
Lateral  Stability. 
Rotary  Stobility. 
TransTerse  Strength. 
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[Liability  of  failare  by  Shearing  is  omitted  from  the  above  ennmeration,  as  it : 
matter  of  practical  experience  that  Molid  Masonry  structures  do  not  fail  by  shearin, 
across  under  Transverse  Strain]. 

It  appears  that  Well-foiiuiations  as  hitherto  constrncted  have  usnall 
faile>l  l)y  tilting  over  as  a  whole,  i.  c,  by  want  of  Stability  of  RotatioD 
This  Problem  will  therefore  receive  especial  attention,  see  Section  iv. 

6.  General  interest  of  the  Problems. — It  is  very  seldom  that  so  man] 
distinct  miniiers  of  faihire  really  roiuire  consileration  in  Masonry  Struc- 
tures. Tlie  present  Probh^uis  presents  in  conseq[uenco  considerable  interesi 
even  from  a  theoretical  point  of  view. 

[The  Problem  as  set  forth  in  its  pjcnerality  is  an  alniont  untried  one.  The  authoi 
has  had  the  advant.ii^e  of  consiiltin«r  a  Iloport  on  a  portion  of  the  jieneral  Problen 
<ma(le  for  information  of  the  On  Ih  and  U.)hilkhand  Railway),  by  E.  Bell,  Esq.,  C.B 
Mr.  Bell's  Report  deals  soluhj  with  the  Problem  of  TRA.NSVEUSE  Strbnoth.  Mr 
Bell  eonsiderc*!  the  Problem  of  Stability  at  present  insoluble. 

The  author  has  had  the  advantaj;e  of  discussing  the  general  Problem  of  StabilI 
TY  with  Mr.  J.  Elliott,  M.A.,  Mathematical  Professor,  Muir  College,  Allahabad,  an< 
is  much  indebted  to  him  for  advice.  Tlio  general  treatment  of  the  difficult  qncstioi 
of  Friction  (Art  21)  is  due  to  Mr.  Elliott]. 

7.  Imperfection  of  the  data, — The  chief  difficulty  attending  this  prob 
lem  is  the  great  imperfection  of  the  practical  data,  and  particulaily  of  thi 
two  following  : — 

(1),     Laws  of  Current  pressure. 
(2).     Laws  of  Resistance  of  subsoiL 
The  laws  of  the  former  are  imperfectly  known,  but  so  little  is  known  oi 
those  of  the  latter,  that  (as  will  appear  in  the  sequel)  it  is  simply  impossi- 
ble (at  pre-^ent)  to  jiroluce  with  real  certainty  any  definite  numerical  solution 
\\  of  any  of  the  four  Problems  proposed  in  Art.  5. 

'  (  Nevertheless  (as  will  appear)  many  useful  generalizations  may  be  ccr- 

1^  tainly  drawn  from  a  critical  discussion  ;   further  by  adopting  certain  pro- 

\  \  bable  hypotheses  as  to  the  nature  of  subsoil  Resistance,  definite  niunerica 

►  I  solution  of  the  Problems  may  be  obtained. 

i ''  This  Paper  aims  therefore 

/  (1).     At  establishing  useful  generalizations, 

(2j.     At  definite  numerical  solutions  of  the  Problems  upon  certui 
probable  hypotheses  as  to  nature  of  subsoil  resistance. 

External  Forces. 

8.  The  External  Forces  may  be  divided  into  two  sets ;  (1),  Appubi 
Forces  ;  (2),  Rb-aotiovb,  which  are  of  course  developed  by  the  former. 
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The  Applied  Forces  are  of  two  kinds — 

1°.     Vertical:  these  are  simply  the  Weight  of  the  Superstructure 

and  Structure. 
2°.     Horizontal  or  nearly  so  :  these  are 
(1).     Wind  on  the  Supers trncture. 
(2).    Wind  on  the  Piers. 
<3).    Impact  of  floating  Drift. 
(4).    Current  on  floatint^  Drift  caught  by  the  Piers. 
(5).    Current  on  the  Piers. 
It  is  convenient  (for  brevity)  to  class  the  whole  of  these  last  under 

the  general  term  "  Disturbing  Forces." 
The  Re-actioQS  will  be  considered  hereafter. 
General  Treatment. 
9.     The  first  question  that  naturally  presents  itself  is  the  followinsf  :^ 
''  Is  the  Problem  to  be  treated  as  a  question  in  Dynamics  (Kinetics ), 
or  in  Statics"? 

Inasmuch  as  the  "  Disturbing  Forces  "  (Wind,  Current,  and  Impact  of 
Drift)  are  all  vires  viv<e,  the  proper  scientific  treatment  would  be  as  a  prob- 
lem in  Kinetics,    The  question  would  thus  present  itself  in  this  form  :— 
'*  Is  the  Potential  Euergy  of  the  Re-actions  equal  to  the  Kinetic  Energy 
of  the  *  Disturbing  Forces.'  " 

The  estimation  of  Energy  would  require  that  all  the  co-efficients  of  elas- 
ticity of  the  masonry  and  subsoil  should  be  known.  As  these  co-efficients 
are  however  quite  unknown,  the  problem  cannot  (at  present)  be  solved 
in  this  form. 

Two  of  the  Disturbing  Forces,  viz..  Wind,  and  Current,  have  however 
been  reduced  (by  experiment)  to  equivalent  Statical  Pressures,  bo  that 
as  far  as  these  are  concerned,  the  Problem  may  be  treated  as  a  question  in 
Statics  (i. «.,  of  equilibrium). 

No  such  experimental  reduction  has  however  been  made  in  the  case  of 
Impacts  of  solid  bodies  (e.  <;.,  Drift-masses)  so  that  the  effect  of  Impact 
cannot  really  be  included  in  a  solution  as  a  case  of  Statics,  and  for  the 
reasons  before  given  the  Kinetic  solution  is  also  impossible. 

An  imperfect  equivalent  for  the  effect  of  Impact,  but  one  which  will  pro- 
bably meet  all  practical  requirements,  is  to  substitute  a  '*  Mass  of  floating 
debris  "  as  caught  against  the  Well  and  there  exposed  to  the  full  power 
of  the  current,  so  that  "  Impact "  is  replaced  by  a  Statical  Pressure. 

N.  B. — The  size  and  shape  of  this  hypothetical  floating  mass  mast  be  assigned  at 
a  purely  empirical  question,  by  the  practical  Engineer.    Theory  affords  absolntelj 
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no  ^ide  to  this  assignment     A  mass  presenting  100  S({uare  feet  broadside  to  the  cur- 
rent has  been  assumed  in  Ihe  Example,  Arts.  57  and  69. 

The  whole  of  the  Disturbing  Forces  having  been  thus  reduced  to  Sta- 
tical Pressures,  the  Problem  may  now  be  treated  as  one  in  Statics. 

10.  It  will  be  assumed  that — 

"  Piers  should  be  designed  to  meet  the  case  when  the  Distarbing  Forces 
'*  simultaneously  attain  their  maxima,  and  also  set  in  the  same  direction 
"  (down-stream).*' 

[This  is  obviously  the  condition  most  unfavorable  to  the  Piers,  for  nnder  any  other 
condition  the  Disturbing  Forces  will  be  either — (1)  actually  not  at  their  wi^^'gimA 
or  (2)  partially  counteracting  each  other]. 

11.  Resolution  of  the  External  Forces. — The  Vertical  Forces  are 
necessarily  "  a  parallel  system."  The  Disturbing  Forces  may  be  assum- 
ed (with  sufficient  accuracy  for  this  Problem)  to  be  horizontal  in  direction, 
and  by  the  limitation  to  the  case  of  their  setting  in  the  same  direction 
(Art.  10)  they  become  "  a  system  of  parallel  horizontal  forces."  More- 
over in  symmetrical  Wells  (the  usual  case),  the  Disturbing  Forces  may  be 
assumed  (with  suflicient  accuracy  for  this  problem)  to  be  symmetrically 
distributed  about  the  vertical  axis  of  the  Well.     It  follows  that 

l*.    The  resolved  parts — across  the  stream's  direction — of  the  action  of  the  Dis- 
turbing Forces  on  the  curved  outline  of  the  Well  balance  each  other. 
2°.    The  licsultants  of  each  of  the  Disturbing  Forces  pass  through  that  axia. 
Inasmuch  as  the  Re-actions  must  be  equal  and  opposite  to  the  Applied 
Forces,  they  may  be  similarly  classified. 

It  follows  that  the  "  External  Forces  "  may  (for  most  purposes)  be  re- 
duced to  two  sets  of  "  parallel  forces,"  viz., 
1®.     A  set  of  vertical  forces. 

2°.     A  set  of  horizontal  forces  (parallel  to  the  stream). 
It  is  convenient  to  consider  the  Vertical  and  Horizontal  Forces  sepa- 
rately, and  in  the  order  indicated  in  the  Table  of  Contents,  q.  v. 

Section  II. — Vertical  Forces. 

12.  Vertical  Forces  Classed. — The  question  of  the  "  effective  heavi- 
ness "  of  immersed  masonry  is  really  a  very  serious  one,  as  enormonsly 
affecting  the  quantity  of  Masonry  requisite  to  Stability.  As  this  is  a 
question  on  which  the  most  opposite  opinions  have  been  advanced,  it  will 
be  discussed  at  some  length.   Consider  all  the  vertical  forces : — these  arc* 

*  It  1b  convenient  to  estimate  vpward  Forces  aa  poeitive ;  all  Weights  being  downward  Focces  an 
Ihnt  negative. 
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1'.    The  Weight  of  the  Pier,  (  —  W). 

2*".    The  Wateb-pebssuee,  upwards  or  downwards  on  all  parts  to  which 

fluid  has  access /rooi  below  or  from  above  respectivelj,  (W). 
3*.    The  Re-action  of  the  soil,  upwards,  (R). 

4*  The  Fbiotion  (F)  between  the  sides  of  the  Pier  and  the  soil,  upwards  or 
downwards,  according  as  the  tendency  of  the  Pier  is  at  any  moment  to  sink  deeper 
or  to  rise  (vertically)-K>r  the  vertically  resolved  parts  of  the  partial  Frictions  on  all 
sides  of  the  Pier,  when  the  tendency  to  motion  is  not  vertical. 

Then,  clearly  at  all  times  when  the  Pier  is  neither  sinking  nor  rising, 
the  following  equation  obtains 

-W+R  +  W'±F  =  0 (1). 

13.  Experimental  evidence, — The  chief  difficalty  attending  this  part 
of  the  investigation  is  the  want  of  experimental  evidence  on  the  nature 
of  "  internal  subsoil  pressure."  The  following  are  apparently  the  only 
known  data :  as  experimental  evidence  is  the  basis  of  all  scientific  in- 
vestigations, they  will  be  made  the  basis  of  the  present  investigation. 
The  inferences  which  will  be  drawn  from  them  should  be  carefully  consi- 
dered, as  most  of  this  investigation  is  simply  the  necessary  conclusion 
from  those  ''  inferences  "  as  premisses. 
It  appears  that : — 

(1).    In  some  Wells  the  water  has  been  known  to  stand  at  a  higher  level  (daring 
the  period  of  sinking)  inside  the  Well  than  ontside  it 
Inference.     It  follows  that  in  those  cases, — 
1^    Qoicksand,  even  at  great  depths,  permits  thorough  permeation  of  water,  to 
that  water  has  access  to  the  base  of  Wells  in  quick-sand. 

2^.    The  *'  internal  fluid  pressure  "  at  the  base  of  the  Wells  was  somewhat  greater 
than  the ''  hydrostatic  pressure  "  (of  the  water). 
Also  in  some  Wells — 

(2).  It  has  been  found,  during  the  period  of  sinking,  that  the  Weight  of  the  (then 
hollow)  Well  was  not  sufficient  to  cause  its  own  sinking,  even  when  all  direct  support 
from  the  sul^acent  soil  had  been  removed  (by  the  removal  of  that  soil)  ;  and  further, 
that  the  Weight  of  the  (hollow)  Well  together  with  the  heaviest  Weight  (of  many 
tons  of  iron  rails)  that  can  in  practice  be  laid  on  the  Well  is  (after  sinking  a  great 
depth)  not  sufficient  to  make  the  Well  sink  further,  even  when  all  direct  support  from 
the  subjacent  soil  has  been  removed  (by  removal  of  that  soil),  in  fact  that  all  practi- 
cally available  mechanical  appliances  eventually  fail  to  produce  further  sinking. 

Inference, — Since  by  the  removal  of  the  subjacent  soil,  its  direct  Re-ac- 
tion  ceases,  t.  «.,  R  =  o,  hence  —  W  -h  W'+  P  ==  o,  in  such  cases :  thus 
it  appears  that: — 

8".  The  Total  Weight  (W)  of  the  Well  and  its  superstructure  were  supported 
solely  by  the  npward  Water-pressure  (W)  and  Friction  (F). 

4®.  The  Total  Vertical  Friction  (F)  which  can  thus  be  developed  in  support 
of  the  Pier  is  very  great 
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5^  The  Total  Normal  Pressure  of  Mio  sobiwil  ogainst  the  sides  of  the  Her  (bj 
which  cause  alone  can  the  Friction  bo  developed)  mast  be  very  great  indeed, 

6^  Quicksand  is  able,  at  anj  rate  at  great  depths,  to  sostain  yery  great  direct 
(normal)  pressure. 

7*.  Qaicksand,  althongh  thoronghlj  permeable  bj  water  (even  at  great  depths, 
See  Inference  I*),  is  at  great  depths  capable  of  exerting  considerable  **  Tangential 
Resistance  '*,  (to  which  property  alone  the  Friction  is  dne),  and  is  therefore  at  such 
depths  a  •*  semi-solid,"  or  rerif  imperfect  fluid. 

IN.B. — Sensibly  perfect  still  fluids  (e.  g.,  still  water)  exercise  no  sensible  Taogen- 
tial  Resistance.] 

The  great  practical  importance  of  some  of  these  inferences^  especiallj 
1',  4*,  6**,  7*,  will  appear  in  the  sequel. 

14.  Internal  fluid-pressure, — The  law  of  variation  of  'Mniemal  pres- 
sure" in  current  fluid  is  involved  in  equations  which  have  not  yet  been 
solved.  It  is  however  known  in  a  general  manner  that  pressure  decreases 
with  increased  velocity,  so  that  "  internal  fluid-pressure  '^  in  carrent  fluid 
is  generally  less  than  the  hydrostatic  pressure. 

It  appears  nevertheless  (see  Inference  2")  that  the  "  internal  fluid-pres- 
sure "  at  the  base  of  some  of  the  Wells  has  been  known  to  be  somewhat 
greater  than  the  hydrostatic  pressure  (of  the  water) :  this  is  probably  das 
to  the  quicksand  being  a  sort  of  "  imperfect  fluid,"  of  greater  dcnsitg 
than  water. 

It  appears  therefore  that  it  will  be  a  sufficiently  approximate  method 
for  the  present  problem  to  estimate  tlie  '^  internal  sub-soil  fluid-pressure**, 
(t.  e,,  of  the  quicksand  or  mixture  of  sand  and  water)  as  the  same  as  the 
"  hydrostatic  pressure  "  of  the  water  alone. 

[At  the  same  time  that  the  difficulty  of  estimating  "  internal  flnid-pressore  "  of 
cmrent  fluid  is  thus  avoided,  it  is  evident  that  Mome  allowance  has  been  made  for 
■emi-fluidity  of  quicksand :  as  to  the  sufficiency  of  this  allowance,  be  it  observed 
that  the  allowance  required  can  hardly  be  very  great,  as  it  seems  difficult  to  imagine 
that  the  subsoil  could  supply  the  great  Total  Friction  known  to  be  developable 
(Inference  i^  unless  its  state  of  aggregation  at  great  depths  was  more  apprcMching 
to  that  of  a  solid  than  a  fluid  {see  Inference  7**). 

On  this  particular  hypothesis,  no  further  notice  need  be  taken  of  the  "  semi-flnidity^ 
of  the  quicksand]. 

15.  Water-pressure. — Still  water  is  (unless  absolutely  confined)  ca- 
pable of  yielding  and  also  of  transmitting  only  its  proper  '<  hydroatatio 
pressure "  (neither  more,  nor  less  than  that  due  to  its  depth),  and  that 
only  uniformly  and  in  all  directions  at  once,  and  cannot  therefore  trans- 
mit either  variable  Pressure,  or  any  Tension. 

Further  there  is  (necessarily)  an  upward  Water-pressure  on  all  parta 
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to  which  fluid  has  access  from  underneath^  (which  might  be  supposed  to 
diminish  the  **  effective  weight "  of  the  masonry  aboTe,)  but  as  this  is 
necessarily  accompanied  by  a  simultaneous  and  equal  downward  Water- 
pressure  on  the  parts  below,  (to  which  the  fluid  of  course  has  access  ,^Y>fii 
abovey)  it  follows  as  a  restUtant  effect  that  the 

**  Whole  Pressure  of  each  horizontal  Stratum  on  those  below  is  simply  its  own 
Weight ",— or  in  other  words 

'*  Permeation  by  water  does  not  alter  the  Total  Pbessubs  of  the  apper  courses 
of  Masonry  on  the  lower "  (althoagh,  as  presently  shown,  it  may  greatly  alter  the 
dUtrihutioH  of  that  Pressure). 

16.  Effect  of  Water-pressure  on  Stability. — As  regards  Stability 
(both  Vertical  and  Rotary)  of  the  Pier  as  a  whole,  also  as  regards  Sta- 
bility (of  both  kinds)  of  the  part  above  a  fracture  (should  complete /rac- 
ture  occur  below  water  level),  the  upward  Water-pressure  exerts  an  upward 
''  Re-action*'  against  the  base  and  parts  to  which  it  has  access  from  below, 
which  is  equivalent  to  reducing  the  "  effective  heaviness  "  of  the  immersed 
masonry  by  about  62*5  lbs.  per  cubic  foot  (the  "  heaviness  "  of  water). 

[^N.B, — ^This  may  be  conveniently  allowed  for  (in  questions  of  Vertical  toi^  Rotary 
Stability  only)  by  estimating  the  '*  effective  heaviness  "  of  immersed  masonry  as  62| 
lbs.  per  cubic  foot  less  than  that  of  masonry  in  air.  It  must  be  borne  in  mind  how- 
ever that  this  method  is  suggested  solely  for  convenience  in  numerical  calculation. 
It  must  be  carefully  remembered  that  the  *'  whole  weight "  of  masonry,  and  also  the 
"  whole  upward  Water-pressure, "  are  distinct  forces,  the  former  wholly  effective  in 
producing  Stability,  the  latter  wholly  effective  in  producing  Instability.] 

17.  Effect  of  Water-pressure  on  Transverse  Strength. 

In  any  case,  the  Water  having  access  to  the  base  of  the  Pier  (see  Infer- 
ence under  1®)  yields  an  tipu;ard  Pressure  (viz.,  its  "hydrostatic  pressure") 
uniformly  distributed  over  the  base.  This  effects  Transverse  Strength  to 
the  extent  that  the  distribution  of  Stress  throughout  the  Pier  must  be 
such  that  the  Pier  shall  yield  a  downward  Pressure  on  its  base,  which 
must  not  be  less  at  any  point  of  its  base  than  that  '<  hydrostatic  pressure", 
(but  may  be  greater). 

18.  The  Transverse  Strength  is  further  affected  as  follows — 

1°.    If  the  Pier  be  impervious  to  water. 

2°.    If  the  Pier  be  in  parts  permeated  by  water. 

1^  Her  ia^erviaus.-^li  the  Pier  be  impervious  to  water,  the  state  of  Longitudinal 
Stress  throughout  the  Pier  is  only  affected  as  above  stated. 

2*.  Pier  pervious  .'—If  the  Pier  be  partly  permeated  by  Water  :~then  inasmuch 
as  a  solid  Pier  under  Transverse  Strain  (due  to  the  applied  Forces  of  Wind  and  Cur- 
rent) is  at  any  horiiontal  plane  **  in  a  state  of  Longitudinal  Stress  "  which  is  generally 
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Pier  would  sink  or  rise,  as  a  whole,  vertically,  which  would  destroy  its  use 
as  a  support  for  Girders. 

Observing  now  that  the  Upward  Water-pressure  ( W)  is  for  a  very  slight 
displacement  (tilting)  of  the  Pier  a  quantity  sensibly  constant,  and  that  the 
Weight  of  the  Pier  (W)  is  also  a  constant,  it  follows  that 

"  The  Total  Vertical  Re-action  of  the  subsoil  (R  -|-  F)  is  constant  for  a  very  slight 
displacement  (tilting)  of  the  Pier/' 

t.  «.,  (R  +  F)  =r  W— W'  a  constant  quantity (2). 

But  it  seems  almost  impossible  to  separate  these  forces  R,  F :  it  is  known 
(«wArt.  11— (2))  that  the  Total  Vertical  Friction  (F)  developable  is  in 
the  absence  of  the  Direct  Re-action  (R  =  o)  of  itself  sufficient  to  support 
the  Weight  of  the  (hollow)  Pier  together  with  the  heaviest  Load  that  could 
in  practice  be  laid  on  it — when  not  under  the  action  of  the  Disturbing 
Forces.     Nothing  else  is  certainly  known, 

20.  Direct  Vertical  Re-action  of  the  soil, — It  was  shown  (see  In- 
ference (5))  that  quicksand  is  at  great  depths  capable  of  sustaining  great 
pressure  and  therefore  of  yielding  great  direct  Re-action  (R). 

[iV.B. — Although  in  the  coarse  of  sinking,  the  subjacent  soil  is  continually  remoyed, 
80  that  the  Pier  does  not  th^n  rest  on  the  soil,  still  it  seems  almost  certain  that  the 
contact  of  the  soil  with  the  base  of  the  Pier  is  eventually  renewed  either  by  the  final 
hearting  of  the  Pier  with  concrete,  or  by  the  imperfectly  fluid  quicksand  eventually 
refilling  any  vacancy  that  may  be  left  below  the  Masonry]. 

It  has  been  explained  (Inference  7^)  that  quicksand  is  at  great  depthn 
probably  a  sort  of  very  imperfect  fluid  ;  reasons  were  given  (Art.  14)  for 
assuming  that  a  sufficient  allowance  had  there  been  made  for  the  '^  fluid* 
resistance"  of  the  quicksand,  and  for  assuming  it  was  at  great  depths  other* 
wise  a  semi-solid  capable  of  sustaining  considerable  tangential  stress,  and 
therefore  also  capable  of  bearing  direct  pressure  of  varying  intensity^  and 
therefore  also  of  yielding  Direct  Re-action  of  like  varying  intensity. 

The  general  effect  of  Lateral  Forces  applied  to  a  Pier  resting  on  such  a 
material  (as  supposed)  would  be  to  alter  the  distribution  of  the  pressure  (of 
its  Weight)  on  that  material,  viz.,  to  diminish  the  pressure  on  the  near  side 
and  increase  it  on  the  far  side,  thereby  throwing  the  Resultant  Pressure 
towards  the  far  side ;  the  direct  Re-action  of  the  soil  would  of  course  exact- 
ly follow  suit :  and  this  effect  would  go  on  increasing  with  an  increase  of 
the  Applied  Forces  to  an  extent  depending  on  the  actual  power  of  the 
subsoil  of  sustaining  varying  pressure. 

But  inasmuch  as  it  seems  impossible  to  suppose  that  the  quicksand  can 
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This  will  be  evident  from  the  figure  where  the  particles  of  masonry  P,  P' clearly 
tend  to  move  in  the  direc- 
tion Vp,  Yp'  (at  right  angles 
to  OP,  OT'  which  are  per- 
pendicnlars  from  P,  P'  on 
the  line  00'  (the  axit  of  ro- 
tation), so  that  OP,  OP'  are 
radii  of,  and  O,  O'  centres  of 
motion  of  the  points  P,  P"), 
t.  «.,  anay  from  all  contign- 
ons  particles  of  soil,  (and  not 
to  Blide  over  them). 

[A  common  beer-bottle  ia 
a  very  good  model  in  lUos- 
tration]. 

Kineticfridion — It  seems 
probable  that,  at  the  same 
time  that  the  Pier  tends  to 
move  (as  a  whole)  away  from 
its  contact  with  the  soil  on 
tiie  near  side  (t.  «.,  side  of 
application  of  the  lateral 
Forces),  the  soil  being  qnick- 
Band  tends  to  fill  the  vacancy, 
and  BO  renew  the  contact ; 
the  particles  of  sand  in  so  . 

moving  probably  fall,  i.  e.,  impinge  in  a  somewhat  downward  direction  against  the 
-  masonry,  thereby  expending  part  of  their  downward  **  vis  viva"  (Energy  of  motion) 
oo  the  mass  of  the  Pier,  and  also  causing  downward  **  friction  of  motion  **,  which 
is  of  course  condocive  to  Stability. 

The  nascent  velocity  of  the  impinging  sand-partideB  will  however  be  very  smaVf 
ao  that  their  nascent  downward  Impact  and  the  simultaneous  nascent  downward  Kine- 
tic Friction  will  also  be  very  small,  and  should  be  neglected  in  comparison  with  the 
larye  Forces  in  action. 

The  state  of  the  Frictiooal  Forces  over  the  far  side  is  more  difficnlt  to 
form  a  clear  conception  of.  In  the  state  of  incipient  motion  (ronnd  the 
point  O  in  the  far  edge  of  the  base),  every  particle  of  masonry  on  the /or 
aide  tends  to  rise  and  at  the  same  time  press  harder  on  the  contigaoas 
soil,  so  that  true  sliding  of  the  masonry  over  the  sand  tends  to  take  place : 
tme  Friction  is  thus  developed,— opposite  at  every  point  to  the  direction 
of  incipient  motion  of  that  point,  and  proportional  to  the  pressore  at  that 
point,  and  therefore — generally  different  both  in  direction  and  intensity  at 
every  point  of  the  far  side.  Resolving  these  partial  Frictions  vertically, 
the  following  important  resnlt  follows — 
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**  At  the  instant  of  incipient  motion,  the  partial  vertical  Frictions  are  zero^ 
at  the  diametral  plane  which  lies  across  the  stream  (t.  e.,  perpendicular  to  the  I 
direction  of  the  applied  lateral  Forces),  and  increase  in  intensity  towards —  f 
and  attain  a  maximum  at— the  far  vertical  edge  of  the  Pier", j 

The  actual  distribution  of  the  vertical  friction-intensities,  and  the  actnal 
intensity  at  any  one  point  are  entirely  unknown.  There  is  a  natural  limit 
to  the  maximum  friction-intensity,  viz.,  that  due  to  the  maximum  pressure- 
intensity  which  the  soil  can  bear. 

It  is  possible  that, — at  the  same  time  that  the  distribution  of  yerticsl 
Friction  changes  as  explained, — some  of  the  partial  yertical  frictions 
may  set  downwards ;  it  is  possible  also  that  their  Resultant  (F)  may 
change  in  magnitude ;  but,  whatever  that  change  may  he,  the  equation 

R  +  F  =  W  —  W  (a  constant  quantity), 
must  certainly  ohtain  at  all  times,  (otherwise  the  Pier  must  sink),  t.  e., 
the  Resultant  Vertical  Re-action  of  all  kinds  (R  +  Fj  must  be  unchang- 
ed both  in  magnitude  and  direction. 

It  is  obvious  from  what  precedes  that  the  Resultant  (F)  can  ne7«r 
approach  to  coincidence  with  the  far  edge  of  the  Pier,  but  must  always 
fall  within  the  base. 

Observing  also,  that  it  is  hardly  possible  that  the  Direct  vertical  Re- 
action (R)  of  the  soil  (quicksand)  could  of  itself  sustain  the  whole  down- 
ward pressure  (W  —  W),  there  follows  the  important  result — 

"  The  Resultant  Vertical  Friction  always  sets  vpivardf,  and  is  always )       /gv 
conducive  to  Instability'*,      ) 

Vertical  Stability— Stability  op  Sinking. 

22.  It  is  clearly  essential  to  the  use  of  a  Pier  that  it  should  not  sink 
further,  once  the  superstructure  is  commenced. 

As  there  seems  (to  the  author)  danger  of  Piers  in  quicksand  sinking  fur- 
ther under  the  peculiar  action  of  the  applied  Forces,  the  question  should 
receive  consideration. 

Assuming  that  the  Wells  are  sunk  till  mechanical  ppliauces  f«l  to 
sink  them  further,  and  also  that  the  superstructure  is  put  on  before  the 
maximum  scour  has  taken  place,  (an  almost  certain  event,  as  the  supposed 
maximum  scour  might  not  occur  for  years,)  it  is  known  that  the  actual 
depth  of  soil  sunk  through  can  yield  sufficient  vertical  Resistance  (Re- 
action) of  all  kinds  (t.  e.,  both  direct  upward  Pressure  on  the  base,  and 
upward  Friction  on  the  sides),  to  support  the  greatest  Load  (say  W)  Ihat 
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has  ever  been  placed  on  tlie  Pier,  so  that  at  that  time  (preyions  to  maxi^ 
mom  scour)  the  equation  —  W-|-W'  +  R+F=o,  certainly  obtains* 

But  when  full  scour  has  taken  place,  many  ftet  (sometimes  50  feet)  in 
depth  of  the  soil  which  prenously  supplied  the  Total  Tertical  Friction  (F) , 
are  completely  removed,  and  the  remaining  subsoil  (still  in  contact  with 
the  Pier)  is  probably  much  reduced  in  cohesiTeness — (both  by  the  removal 
of  the  superincumbent  sand,  and  by  more  thorough  water-percolation) — 
and  therefore  in  power  of  yielding  direct  pressure  whether  on  the  base,  or 
on  the  sides  (by  which  latter  pressure  alone  can  friction  be  developed). 

But  the  action  of  the  '<  Disturbing  Forces"  is  further  unfavorable  to 
Stability  (of  this  kind),  because  they  tend  to  alter  the  distribution  of  the 
partial  vertical  Be-actions — both  Direct  and  Frictional, — which  the  soil 
must  supply,  by  accumulating  the  greatest  intensity  of  those  l^e-actions 
towards  the  far  side — so  that  though  the  soil  is  called  on  to  supply  only 
the  sam  ToUl  Vertical  Re-action  (R  +  F  =  W  -  W)  as  before,  it  has 
to  supply  it  in  a  far  less  favorable  manner,  viz.,  by  supplying  pressure 
(upwards  on  the  base,  normal  on  the  sides)  of  fiar  greater  intensity  in  the 
neighborhood  of  the  far  (down-stream)  side  than  before.  There  is  of 
course  a  natural  limit  to  this,  viz.,  the  greatest  pressure-intensity  which 

the  soil  can  supply,  after  full  scour  has  taken  place.    If  the  partial  pres* 

sures  caused  by  the  external  Forces  anywhere  exceed  this,  motion  must 

take  place,  L  e.,  the  Pier  must  sink, 

[The  experimental  data  required  for  properly  ei timating  nmierieally  the  greatest 
preasnr^-inteiiBity  that  the  Disturbing  Forces  will  cause  are  entirely  wanting.  An 
attempt  will  be  made  on  certain  hypotheses  later]. 
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WlHD. 

28.  Wind'ir^ensity.'^Tht  data  for  maximum  intensity  in  India  are 
very  defective.  There  are  as  a  rule*  no  self-registering  anemometers  at 
the  Indian  Meteorological  Stations  from  which  the  ''  Maximum  Wind* 
pressure"  could  be  inferred.  There  appear  to  be  each  only  at  CalMtta 
and  Lucknow. 

*  Ai  mfipBKn  from  tba  ntpUai  to  quartti  addfHted  bj  the  aotfaor  ta  the  .Snrreyor  Oenenl  ol 
IndJ*.  and  to  tbe  Meteorologioal  Reporter-  of  MadiM,  Bombtj,  Beiigftl»  Nortli-Weit  PiettaoM 
•ad  Pimjeb. 
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From  the  records*  of  these  anemometers  it  may  be  fairly  assumed  ti 
the  Wind  will  occasionally  reach  a  Maximum  whose  ''  Statical  equivalen 
is  50  fts.  per  square  foot  in  Lower  Bengal;  40  fts.  per  square  foot  in  Oad 

24.  Total  Wind'Pre88ure,^lt  is  considered  sufficiently  accuratef  ( 

Design  of  Structures)  to  Estimate  Wind-pressure  as  horizontal  and 

uniform  intensity  at  all  moderate  heights,  also  to  estimate  as  followsf  f 

effect  on  curved  Piers, 

Total    Wind-pnssare  (parallel  to )  ( Total  Pressure  on  a  Ver- 1 

Wind's  direction^  on  a  Vertical  >  =  }  of  <     tical  diametral    plane  V  ...•••  (i 
cylinder  or  conic  inistam,         ..  )  (     broadside  to  wind,    «.  J 

Then  if  lo'  =  Maximnm  Wind-pressare  in  ponnds  per  square  foot. 

Aa   =  Area  of  Girder-snrface  exposed  to  Wind  in  square  feeL 

Am  =  Area  of  Vertical  Diametral  section  of  Pier  exposed. 

Fq    =  Total  Wind-pressare  on  Girders. 

Pm    =  Total  Wind-pressare  (parallel  to  Wind)  on  Masonry  exposed. 

Po  =  w'.  Ao  P 

Pm  =  J.  W  Am - (1 

25.  Centres  of  Wind-pressure. — It  follows  from  the  preceding  that- 
l"".    The  Centre  of  Wind-pressure  on  Girders  is  near  the  middle  i 

their  height,  when  the  Girders  have  (as  would  usually  be  the  case)  straigl 
flanges,  and  have  tolerably  equal  areas  of  metal  (exposed  to  the  Wim 
on  either  side  of  their  mean  line  ("  neutral  surface"). 

2\  The  Centre  of  Wind-pressure  on  the  Piers  is  the  centre  of  graril 
of  the  exposed  vertical  diametral  section.  But  inasmuch  as  in  practice  tl 
taper  of  the  Piers  is  usually  very  slight,  this  point  is  near  the  middle 
the  height  of  that  exposed  section. 

It  is  considered  that  it  will  be  sufficiently  accurate  for  the  present  Prol 

lem  to  assume  that — 

"  The  Centres  of  Wind-pressare  on  the  Girders  and  Piers  are  at  the  middle  ^ 
of  their  heights," j^^^ 

26.  Moment  of  Wind-pressure, — It  follows  from  the  preceding  th; 
this  may  be  expressed  in  the  following  simple  manner : — 

1  o     TLr«.«-«f  «#  ^irtA  ««..  1  I  Total  Pressure  x  height  of  mid-  ) 

•nreonPien,       ..J         |     centre  of  mWnte, . .         ..J 

•  LettaiftsmlbtaotologioidBcpartarot  Bragti,  ud  SapaintoidMit  «f  SoiaiM  DipntMBt 
Ondbft  In  AppradiZa 

t  BanUne's  AppUed  Mechanica,  Art.  2l«. 
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Current-pressure  and  its  Moment. 

27.  It  is  known  that  Carrent-pressure  yaries  as  sqnare  of  Telocity 
which  is  itself  variable  with  the  depth. 

It  follows  therefore  that  neither  Total  Garrent-pressure  nor  its  Moment 
can  be  expressed  by  any  such  simple  means  as  in  the  case  of  Wind- 
pressnre. 

It  will  be  necessary  first  to  inrestigate  formalaB  for  the  subsurface  Telo- 
city, and  thence  for  pressare-intensity.  Total  Pressure,  and  Moment. 

[The  f ormulsB  aboat  to  be  given  have  been  conBtmcted  by  the  author  for  this  Prob- 
lem, and  are,  it  is  believed,  now  proposed  for  the  first  time :  their  detailed  oonstmction 
is  given  in  the  Appendix  in  order  that  the  Engineer  may  satisfy  himself  of  their 
carrectaess ;  the  results  alone  are  given  in  the  Text  so  as  not  to  interfere  with  the 
discossion  on  the  practical  points  involved]. 

Subsurface  Velocity, 

28.  The  extensiTC  experiments  on  the  Mississippi  and  its  affluents  haTe 
conclusiTcly  shown*  that  "  subsurface  Telocity  "  Taries  according  to  such 
a  law  that  it  may  be  represented  by  the  abscissas  of  a  parabola  whose 
ordinates  represent  depths  below  a  certain  line,  (which  is  generally  the 
line  of  greatest  Telocity,  and  below  the  surface). 

This  will  be  understood  from  the  velocity-diagram  (Fig.  2,  Plate  XUV.),  which 
clearly  represents  to  the  eye  the  law  of  variation  with  the  depth. 

It  may  be  here  stated  that  other  Engineers  have  for  this  very  probleja  assumed  either 
laws  of  variation  of  subsurface  velocity,  e.  g.,  it  has  been  proposed 

I*.  To  assume  the''  bottom  velocity  "  as  that  which  will  just  move  sand,  and  the 
^  mid-depth  velocity "  as  the  same  as  that  g^ven  in  Hydraulic  Tables  as  "  Bottom 
velocity  "  corresponding  to  the  given  **  Surface  velocity  ",  and  to  consider  the  velo- 
city between  these  points  as  uniformly  vaiying,  or — 

2*,  To  assume  as  •*  Bottom  velocity  "  that  given  in  Hydraulic  Tables  as  corres- 
ponding to  the  given  **  Surface  velocity  ^',  and  to  consider  the  intermediate  velocities 
as  uniformly-varying. 

[Na  1**  is  that  adopted  by  £.  Byrne,  Esq.,  Resident  Engineer  of  the  Railway.  No. 
2®  is  adopted  by  £.  Bell,  Esq.,  C.E.] 

Neither  of  these  assumptions  appear  to  be  warranted  by  any  experimental  evidence. 
It  may  be  noted  that  with  the  tame  data  of  surface,  bottom,  or  intermediate  velocities, 
the  parabolic  theory  will  always  give  the  /ar^^#f  result  for  the  Total  Current-Pressure 
— it  iseasily  seen  from  the  figure  (^Fig.  2,  Plate  XUV.),  that  the  parabolic  area  encloses, 
*.  «.,  is  larger  than  any  area  formed  with  tame  data  by  simply  joining  extremities  of 
the  lines  representing  given  velocities  (i.  ^.,  as  if  the  velocity  were  uniformly-vaiying). 

*  Report  on  Fhysios  and  Hydraolicf  of  the  Miaslnippi,  Iqr  Capt  A.  Hnnphnon  and  Ueat  H.  L. 
>4bb0t,  1861,  piwes  234,287. 
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29.  The  complete  determination  of  the  enb-enrfiace  velocitiflfl,  or,  widdi 
is  the  same  thing,  the  construction  of  the  representatiye  pMiabobi  requires 
three  data,  e.  g.^  three  (observed)  velocities  at  three  different  known  depths. 

The  only  observed  velocity  ordinarily  recorded  (at  any  rate  for  Indisa 
rivers)  is  the  <<  Sorfaoe  velocity".  It  seems  convenient  to  take  for  the 
remaining  data — 

(2)  the  '*  bottom  velocity  *\  which  most  be  taken  from  Hydraolie  Tables^  or  tmngn 
ed  by  the  practical  Engineer. 

(8)  the  position  of  the  axis  of  the  parabola,  which  is  given  in  the  liisriMiHii 
Beport  (pages  962  and  288),  by  formola  (13)  (below)  as  depending  in  a  okIui 
manner  on  the  wind  and  on  the  **  hydraulic  mean  depth.  ** 

With  the  following  notation  slightly  altered  from  that  in  the  ICasiMipia 

Report  (page  200) — 

d  =  any  depth  below  sorface  ;     V    =  velocity  at  depth  d,  (required). 
J)  =  depth  of  bed  ;  Yd  =  bottom  velocity,  (assomed). 

d'  =  depth  of  axis  of  parabola ;    V  =  velocity  at  depth  <r,  (osoallj  the  greatMt> 
o  =  depth  of  surface ;  Y^  =  surface  velocity,  (observed), 

r  s=  hydraulic  mean  depth  ; 

/  =  force  of  Wind,  estimated  as  sero  for  a  calm,  and  10  for  a  horricane,  redsnad 
positive  or  negative  according  as  it  sets  up  or  down-stream. 

Then  the  Mississippi  Beport  gives  (pages  262,  288)  for  the  podiionof 
the  axis : — 

d  =  (-317  +  -06/).  r (18). 

Thns  for  a  half  hnrricane  down-stream  (/  =  abont  —  5),  it  follows 
that  d  zz  Oy  i,  e,,  the  axis  of  the  parabola  (which  is  also  the  line  of  greatest 
velocity)  lies  to  the  surface.*^ 

[This  is  an  important  simplification  of  formula  (IS)  as  will  appear  below]. 

SO.  Accurate  formula!. — The  following  formolsB  (for  details  see  Art.  70) 
follow  immediately  from  the  parabolic  theory : 

V = V, + (V.  -  v.).p^5^ m 

Approximate  formuhx. — For  reasons  given  below,  it  seems  sufficiently 
accurate  in  the  present  Problem  to  assume  Vj,  =:  o,  if  a  o,  which  redneat 
formulae  (14)  and  (15)  to  the  much  simpler  forms : — 

V  =  Vo  (l  -  $) (!«). 

V  =  Vo (H). 
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tThe  Velodiy-diagram  (JPig  2,  Piate  XLIV.)  has  been  oonstracted  from  formnlA 
(16)]- 

81.  Explanation  of  aisumptioni  Vd  =  o,  rf*  =  <>.— It  ia  probable  that  the  portioa 
of  bed  sconred  oat  near  the  Piers  is  often  limited  to  a  saucer  or  f mmel-shaped  hollow 
round  the  Pier,  inside  which  there  will  be  sometimes  violent  eddying  and  boiling  action  i 
bat  so  long  as  this  violent  action  lasts,  scour  U  going  on.  The  most  nnfavorable 
time  for  the  Pier  appears  to  be,  when  the  sconr  has  reached  itsfuU  depths  after  which 
time  the  eddying  and  sarging  action  mast  be  comparatively  small,  as  (by  hypothesis) 
the  sooor  is  not  increasing.  It  seems  farther  probable  that  the  most  anf avocable  time 
to  the  Pier  will  be  when  this  scoar  has  been  very  eattenstve  in  the  neighhorhood  of  the 
Pier,  so  that  the  Pier  is  exposed  to  a  Current  of  the  fnll  depth  of  sooor,  that  is  to  say 
to  a  Cnrrent  whose  bed  has  been  lowered  to  soonr  level,  and  which  is  throughout  ito 
depth  effective  as  a  Current  in  pressing  on  the  Pier. 

This  hypothesis  enables  the  whole  effect  of  the  cnrrent  to  be  rednced  to  a  Statical 
Problem  of  Pressare ;  the  present  state  of  Hydranlic  Science  does  not  enable  the 
effect  of  the  eddying  and  plnnging  acti'm  to  be  in  any  (beyond  a  hypothetical)  way 
incladed,  bat  if  this  hypothesis  be  admittu^  as  the  most  unfavorable  to  the  Pior^  it 
appears  nnneoessaiy  farther  to  consider  snch  eddying  action. 

Under  this  hypothesis  the  depth  of  river-bed,  and  of  sconr  in  the  neighborhood  of 
the  Pier  are  considered  as  the  same :  this  mast  of  coarse  be  one*  of  the  data,  either  from 
actaal  observation  or  assigned  by  the  Resident  Engineers. 

32.  Bat  farther  the  Bottom  velocity  (Yd)  seems  (to  the  aathor)  likely  to  be  so 
BmaXlfar  a  quicksand  bed,  (the  case  in  hand,)— perhaps  that  which  will  jnst  disturb 
loose  sand— compared  with  the  Surface  velocity  (Vo),  that  it  might  be  neglected  in 
forming  an  approximate  formula. 

[MJ?.— The  ordinary  Hydraulic  Tables  profess  to  give  the  "  Bottom  velocity"  cor- 
responding to  various  **  surface  velocities  ",  but  the  fact  is  that  such  Tables  are  oon- 
•troctedfromformulA  in  which  the  <'  constants  "  were  derived  chiefly  from  experiments 
on  artifieiai  conduits.  The  results  appear  (to  the  author)  totally  inappUeoHe  to 
quicksand.  Eat.  The  **  Surface  velocity  "  in  the  Bamgangi  has  been  recorded  as  16 
feet  (  s=  198  inches)  per  second.  By  Du  Boat's  formula  the  corresponding  **  bottom 
velocity  "  would  be  (o  —  2y/v  -}- 1)  inches,  i.  «.,  166*8  inches  per  second — no  matter 
what  the  material  of  the  bed  was.  Is  this  possible  in  a  quicksand  bed  ?  The  bottom 
would  be  surely  scoured  away.] 

8d.  further  simplification  d'ss  0.— It  will  beobaerved  (Eq.  14)  thai  the  snlKsorfaee 
velocities  (V)  depend  both  on  the  surface  velocity  Vo  and  on  d^,  and  therefore  (by  Eq. 
18)  on  /  (the  force  of  the  wind).  Now  the  objects  of  the  present  inquiry  are  to  s»> 
certain  both  the  Greatest  Cnrrent-Preasnrei  and  the  Oreatett  Moment  of  CSnnent- 
Pressure  on  the  Pier. 

It  is  evident  that  the  sub-surface  velocities  (V)  increase  with  the  surface  velod^ 
(Vo)  which  is  itself  reHitforeod  by  a  strong  downstream  wind.  On  the  other  hand,  a 
down-stream  wind  (/negative),  raises  the  axis  of  the  parabola  (jsee  Eq.  18),  and  thereby 
diminishes  the  values  of  the  sub-sorface  velocities  (V)  for  a  given  sorfaoe  veloci^ 
(Vo). 

The  Problem  of  finding  the  really  Greatest  Cmrrent-PressorM  and  Greatest  Momsgots 

•ItisAremmrkableinstADceof  tlie  imperfection  of  tbe  practical  daU  for  this  FroUen  tliattUi 
ii  one  of  the  element*  involTtd  in  doubt. 
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o£  the  same  under  theie  oonflictiiig  ciicnmstanoes  eeems  BfarieUj  ineolnbley  as  the 
relation  between  V«  and/  is  mknown,  but  it  seems  almott  certain  that  ''a  down 
stream  wind  is  more  effective  in  increasing  the  snb-snrface  velocities  bj  its  increasing 
the  surface  velocitj  (Vo)  than  effective  in  decreasing  them  in  conseqaence  of  its  Fus- 
ing the  axis  of  the  parabola  ". 

The  adoption  of  the  valne  (/=  abont  —  5)  corresponding  to  a  down-stream  half- 
hnrricane  causes  so  great  a  simplification  of  the  formnls  (U)  and  (15)  and  of  sll 
others  thence  derived  for  Total  Corrent-Prcssare,  and  Moment  of  the  same,  (in  con- 
sequence of  its  making  d'  =  o,)  that  there  would  be  great  advantage  in  adopting  it  if 
it  could  be  shown  to  be  sufficient]  j  approximate. 

Now  it  will  be  found  (bj  actually  coustracting  the  parabola)  that  a  variation  in  the 
value  assigned  to  a  dowj^^tream  wind  greater  than  a  half-hurricane  (even  if  froms 
half  to  a  whole  hurricane/  =  —  6  to  —  10)  causes  very  little  change  (diminntioo) 
in  the  sub-surface  velocities  for  a  given  surface  velocity. 

Thus  the  assumption  i'  =  o  causes  only  a  slight  over-eitimation  of  the  values  of 
V  (sub-surface  velocities),  so  that  the  simple  formuhe  (16)  and  (17)  may  be  regarded 
as  good  approximations  for  the  present  problem, 

34.  Current'prt88ure,^Oxa  knowledge  of  current-pressure  is  wholly 
empirical ;  it  is  approximately  represented*  by  the  formula 

p  =  *  «  a  ^  - 08> 


Total  Current-pressure  \  # "  heaviness  "  of  fluid 

on  an  areaa  of  small  \  ss  k  x  S  X  area  of  croas-sectic 
depth, /  '  X  height  due  to  velocity, 


n,     V. 

itv.  1 


where  ib  is  a  quantity  depending  on  the  shape  and  material  of  the  bodj 
i— at  present  only  obtainable  from  experiment^  and  on  which  unfortunately 
few  experiments  are  available. 

[In  works  on  elementary  Hydro-dynamics,  (e.  ^.,  C!ape's  Course  of  Mathematics,  Vol 
IL,  Art.  546,  the  valne  of  k  for  a  cylinder  is  stated  to  be  it  =  }  or  *6,  but  this  includes 
only  the  effect  of  **  impact ",  and  is  based  on  a  « theory  "  of  current  fluid,  which  is 
admitted  to  be  most  imperfect. 

The  best  value  obtainable  for  tbe  present  problem  appears  (to  the  author)  to  be 
k  s=  about  *8,  and  for  the  following  reason :— Professor  Rankine  states*  that  **  the 
oo-efficient  k  is  less  for  a  solid  moving  in  a  fluid,  than  for  a  fluid  moving  past  tbe 
same  solid",  also  that  ''for  a  cylinder  moving  sideways,  k  =  abont  *77."] 

In  absence  of  better  data,  the  author  suggests  that  for  the  present  pro- 
blem (a  current  flowing  past  a  fixed  cylinder)  the  value  i  =  *8  should  be 
adopted  as  being  a  simple  figure  and  higher  than  *77  as  required. 

[The  Pressure-diagram  (for  current-pressure).  Fig,  3,  Plate  L,  has  beenoon- 
■tmcted  from  Formula  (18).  It  clearly  shows  the  variation  of  Current-pressure  with 
the  depth  ;  the  diminution  of  Current-pressure  on  the  Pier  due  to  its  being  8  feet 
narrower  than  tbe  Well  is  very  evident]. 

*  Bsakine*8  AppUed  lleohanics,  Art.  6M. 
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35.  Then  it  may  be  shown  by  an  easy  integration  see  (Art.  71)|  that  if 

Vo  =  Surface  Velocity  in  feet  per  seconcU 

P   =  Total  Current-pressure  ^aro^^ffZ  to  stream  in  ponnda. 

D  s  Depth  of  current  in  feet 

A  =  Area  of  vertical  diametral  section  immersed  in  square  feet. 

Then  for  a  Well  tapering  only  slightly ^ 

P  =  ^  .  ihi;A.  |i'  (approximately),  (19). 

Also  in  cases  where  a  Pier  is  placed  on  a  Well  of  considerably  larger  diame- 
ter, and  both  are  either  cylindric  or  taper  very  slightly^  if 

F  =   ( Total  Current-pressure )  on  the  Pier. 
P*  =   (     parallel  to  stream,      3  on  the  WelL 

d  =  Depth  of  Pier  immersed. 
A'  =  Area  of  yertical  diametral  section  q^  PtM*  immersed. 

B  =  Mean  breadth  of  WelL 

X = (1  - 1 J  +  i:gr) - («>). 

Then  F  =  hwA!  •  ^  •  X,  (approximately),  | 

T'^hw.  ^'.B{^D-Xd[,(approximately),r <*^)* 

P  sF  +  r  J 

N.B. — If  d  be  small  compared  with  D,  the  quantity  X  may  be  taken 
as  X  =  1  approximately :  this  is  an  important  simplification  for  numerical 
calculation. 

[The  Total  Current-pressures  on  the  Pier  and  Well,  Fig.  1,  are  of  course  represented 
by  the  areas  of  the  representative  Diagrams  (^Fig,  8,  PlaU  XUV.)  of  Current-pressure]. 

36.  Centre  of  Current-preaeure, — It  is  couTenient  to  find  this  point  as, 
once  found,  the  estimation  of  the  Moment  of  Current*pressure  about  any 
chosen  point  whatever  is  an  easy  problem  of  elementary  Statics.  It  is 
shown  in  the  Appendix  that  if 

1^0  s  Depth  of  centre  of  Current-pressure  on  whole  WelL 
«*•'  =  „  „  „  Pier  only. 

do'  =  „  n  n  Well  only. 

Then  in  case  of  a  Well  tapering  only  slightly 

do  =:  jgD,  (approximately) ••«•  (22). 

And  in  case  of  a  Pier  on  a  Well  of  considerably  laiger  diameter,  neither 
tapering  except  very  slightly, 
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rfo'  =  ^ .  J  ,  (approximately), 

••••••••  ^29^ 

*'•'  ^  2  •  j^dI^  '  (approximately), 

y          rf*        1  rf*\             /          2  rf*        1  d*\ 
WhereM  =  (l  "  5^  +  3D^)  '  ^  =  0  "  8D^  +  6D^) ^^*> 

Also  if  d  be  small  compared  with  D,  then  X  =  1,  fi  =  1  approximately! 
80  that  these  formalao  become 

do'  =  f  (approximately), ) 

5  jg  y (»5). 

ct,"  =  jg  (D  +  -g  d)  (approxunately), ...  j 

87.    Moment  of  Current-pressure. — By  elementary  Statics,  if 

M   s  Total  Moment  of  Cnrrent-pressare  in  foot-poonds. 
M'  =  Moment  of  Corrent-preasare  on  Pier  only  in  foot^ponnds. 
M'  =  Moment  of  Carrent-pressnre  on  Well  only  in  foot-poonds. 
H   =  Assumed  depth  (below  aorf  ace  of  corrent)  of  any  poini  chosen  as  *  oat- 
tre  of  moments  "• 

Then  in  case  of  a  Well  tapering  only  slightly, 

M  =  P.(H  -cU)  =  kwA.^.  (1  H  -Id) (26). 

And  in  case  of  a  Pier  on  a  Well  of  considerably  larger  diameter 
neither  tapering,  except  very  slightly 

M'  =  F.  (H-rfo')l 

M'  =  P''.(H  -  doO  >  (27). 

Impact  of  Drift. 

S8.  It  has  been  explamed  (Art.  9),  that  it  is  impossible  to  calenlate 
the  effect  of  Impact  properly :  an  imperfect  eqniyalent — believed  howerer 
to  be  sufficient  for  the  purposes  of  Engineering-— was  proposed  in  the 
substitution  of  a  Mass  of  floating  Drift  supposed  as  caught  by  the  Pier 
and  exposed  to  the  fall  force  of  the  current. 

Let  A|  ss  aasmned  area  (in  sqoare  feet)  of  vertical  cross  section  of  sapposed  float- 
ing Drift  exposed  to  fall  fbioe  of  current 
Vo  s=  snxface  velocity. 
Pi  ss  Total  Cnnrent-pressnre  on  ana  A|. 
Then  as  the  depth  of  the  sapposed  Drift-Mass  is  necessarily  small  (compand  with 
the  depth  of  the  river),  and  as  the  shape  and  size  of  that  Mass  are  entirely  orHinuryt 
it  is  permissible-* 
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1*.    To  assign  any  arbitrary  yalne  to  the  qnantity  k  in  the  formala  of  Art.  84  ; 

it  is  convenient  to  assume  k  ^\. 
2*.    To  disregard  the  variation  of  velocity  in  the  small  depth  of  the  supposed 
Drift-mass,  so  that  the  mean  velocity  of  impinging  current  may  be  assumed 
as  sensibly  equal  to  the  surface  velocity  (Vo). 

Thus  under  these  premisses,  there  results  for  the  Total  Current-pressure 
on  the  Drift-Mass, 

P.  =  «'-A,.%' (28). 

39.  Moment  of  Impact. — Under  the  same  premisses  the  following  will 
be  a  sufficiently  approximate  valae  for  the  Moment  of  that  Current- 
pressure  about  a  point  H  feet  below  the  current  surface,  ylz., 

Mi  =  Pi  X  H  =:  M7.  Ai.  ^.H, (29) 

40.  Horizontal  Re-actions. — The  "  Disturbing  Forces  "  develop  Hori- 
zontal Re-actions  in  the  subsoil  of  two  kinds — 

1°.     Direct — being  the  direct  normal  pressure  round  the  Pier. 

2°.  Tangential — ».  e.,  horizontal  friction  between  the  subsoil  and  base 
of  the  Pier. 

Let  R  ',  R  '  be  the  sum  of  the  resolved  parts  of  the  Direct  Normal  Pressures — 
resolved paraZ/tf/  to  the  stream— against  the  down-stream  and  up-stream  (seml-cylindric) 
sides  of  the  Pier  respectively,  so  that 

I^  '  =  Total  ujhitream  "  Direct "  Re-action. 

Rh'=  Total  downrstrcam  "Direct"  Re-action. 
F     ^  Total  horizontal  friction. 

H 

Then  at  all  times  (when  there  is  no  motion)  this  equation  most  obtain 
"  Sum  of  horizontal  Re-actions  =  Sum  of  Disturbing  Forces  ",  )    .^^^ 
or  B,'  -  B/  +  P„  =  P„  +  P,  +  P  +  P,  =  S  (P),  i  ^    ^' 
It  may  be  assumed  that  F^^  is  very  small  compared  with  R^^',  R^^* :  so 
that  neglecting  F^^ , 

B.'  -  B/  =  S(P), (81). 

N.B, — The  hydrostatic  pressure  of  the  Water  against  the  down -stream  side  of 
the  Pier  is  omitted  from  the  above  enumeration  of  Resistances,  because  from  the  man- 
ner in  which  the  experiments  on  Current-pressure  (by  which  the  value  of  k  in  formula 
18  was  determined)  were  conducted,  the  resulting  formula  for  Current-pressure  expresiea 
only  the  exeeu  of  the  Current-pressure  above  the  Hydrostatic  Pressure  against  the  down- 
stream side  of  the  Pier. 

41.  In  order  to  investigate  the  distribution  of,  mnguitude  of,  ond  posi- 
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tion  of  Centre  of  Pressure  of  these  Be-actionSi  consider  separately  tht 
cases 

1®.     Of  a  Pier  not  imder  the  action  of  Lateral  Disturbing  Forces. 

2°.     Of  a  Pier  under  the  action  of  Lateral  Disturbing  Force. 

1°.  Pier  not  under  Lateral  Disturbing  Forces, — In  this  case  it  is  eri- 
dent  that  Rm'  —  R/  =  o,  (for  the  Disturbing  Forces  P  are  zero)  and 
Rh'  =  Rh'i  f.  e.,  the  Re- actions  of  the  soil  are  equal  up  and  down- 
stream. 

[Observing  that  there  is  a  hydrostatic  pressare  of  D  feet  of  water  (being  the  depth 
of  the  current)  on  the  surface  of  the  soil,  then  if  9  =  specific  gravitj  of  the  soil, 
the  "  head  of  water  "  is  equivalent  to  a  '*  head  "  of  D  -?-  9  feet  of  soil,  and  according 
to  the  usually  received  theory  of  loose  earth  (or  quicksand)  pressure,  the  intensity  of 
its  pressure  against  the  Masonry  is  simply  proportioned  to  the  depth  below  a  plane 
D-T-tr  feet  above  the  actual  surface  of  the  soil,  or  in  fact  follows  t?ie  law  ofdittritm' 
tion  of  fluid  pressure,  so  that  its  "  Centre  of  Pressure"  would  be  the  same  as  that 
of  ordinary  fluid  pressure  against  a  submerged  vertical  cylinder  whose  top  and  bottom 
are  D  -^  9  and  (D  -f-  (r  +  A)  ^eet  below  the  inuiginary  fluid  surface. 

It  is  shown  (in  the  Appendix)  that  the  height  of  the  Centre  of  pressare  above  tht 
base  of  the  Pier  is,  if  D'  =  D  -h  <r, 

*•=  3  •  2lF+-A'"'^3  (  ^  +  2WT-d (^ 

It  is  worth  noting  that  from  Eq.  (32),  ho  is  always  >''r<orOrAo=o  "'hen  D' 
s=  o,  t.  e.,  when  there  is  "  no  head '',  also  K  increases  with  the  "  head  "  (D*)  i^pioach- 
ing  to  the  limit  -  when  the  "  head  "  (D')  is  very  large], 

2°.  Pier  under  lateral  Forces, — There  are  no  experimental  data  for 
determining  the  distribution  of,  actual  magnitude  of,  and  centres  of  pres- 
sure of  the  horizontal  Re-actions  (Ru',  R^O  up-and  down-stream,  (which 
determioation  is  requisite  to  the  proper  solution  of  the  problem) :  still 
some  aseful  generalizations  may  be  drawn. 

Firstly,  so  long  as  there  is  no  actual  motion  of  the  Pier,  it  is  obvious 
that  the  Equation  (3  J )  must  hold  true, 

/.  R^'  >  Sum  of  Disturbing  Forces,  S  (P), {S3) 

It  seems  most  probable  that  the  effect  of  the  Disturbing  Forces  on  the 
magnitude  and  distribution  of  the  horizontal  Re-actions  is  as  follows  :-— 

1®.  To  diminish  the  pressure  of  the  soil  on  the  near  (or  up-stream)  side,  and  to 
press  the  Pier  more  against  the  soil  on  the  far  (down-stream  side),  k  <w,  t> 
diminish  Rb'  and  increase  Hn', 
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2".    To  alter  the  diBtribntion  of  pressnre  of  Bu'*  Rg  *  in  opposite  directions,  vix., 
(a).    On  the  near  (ap-stream)  side— diminishing  the  intensity  of  pressure  near  the 

surface,  and  increasing  it  towards  the  base,  and  therefore  of  conrse  depret^ 

ting  the  "  centre  "  of  pressure  of  Rh*. 
(&).    On  the  far  (down-stream)  side— diminishing  the  intensity  of  pressure  near  the 

base,  and  increasing  it  towards  the  surface  ;  and  therefore  of  course  raising 

the  **  centre  *'  of  pressure  of  R  h'. 

These  results  may  be  briefly  expressed — 

*<The  Disturbing  Forces  raise  and  depress  the  Resultante '' of  the  upstream  I  ^g^% 
and  down-stream  horisontal  Re-actions", I 

These  results  are  very  important  as  the  raising  of  the  Resultant  Rh* 
increases  its  Moment  (of  Stability)  and  depressing  R^'  decreases  its  Mo- 
ment (of  Instability).     Both  actions  are  therefore  condvcive  to  Stability. 

[It  will  be  seen  hereafter,  Art  49,  thai  Stability  of  Rotation  depends  chiefly  on  the 
power  of  the  soil  to  bear  this  alteration  of  the  original  distribution  of  pressure. 

There  is  good  reason  to  suppose  that  though  the  first  action  of  the  Disturbing 
Forces  may  be  to  decrease  Rr",  their  ultimate  effect  must  be  to  itKirease  Ru*.  It  will 
be  shown  that  the  principal  element  of  Stability  (of  rotation)  is  the  Moment  of  Sta- 
bility of  the  np-stream  horizontal  Re-action  (RhO— ^hich  may  be  increased 

1^    By  raising  its  Resoltant  (so  as  to  increase  ita  lererage). 

2^    By  increasing  its  magnitude  (Ra'). 

But  the  nature  of  the  soil  will  not  admit  of  increase  of  the  leverage  by  raising  of 
the  Resultant  (which  involYes  increased  intensity  of  pressure  towards  Uie  Surface) 
beyond  a  certain  limit,  so  that  further  increase  of  Moment  of  Stability  of  R^'  must  be 
4Be  to  increase  in  the  actual  magnitude  of  Rh'. 

But  since  Ra'  —  Rr'  =  Sum  of  Disturbing  Forces,  it  is  obvious  that  for  a  given 
Distorbing  Force  an  increase  in  Rb'  is  accompanied  by  an  equal  increase  in  Rh']- 

42.  The  above  general  resulta  are  probably  all  that  can  be  certainly 
affirmed  as  to  the  distribution  of,  magnitude  of,  and  position  of  the  Resul- 
tant of  the  Horizontal  Re-actions  Rh',  B,^*  in  absence  of  experimental 
evidence  as  to  the  nature  of  the  subsoil  resistance. 

[It  will  be  shown  in  Art  53  how  on  certain  hypotheses  as  to  the  natoie  ot  that  reeis* 
juice,  definite  numerical  resulta  can  be  obtained]. 

Lateral  Stability — Stability  of  Slidimo. 

43.  It  is  clearly  essential  to  the  use  of  the  Pier  that  it  should  not 

slide  away  (as  a  whole)  down-stream.    It  appears  certain  that  in  some  of  the 

great  rivers  with  sandy  beds,  there  is  motion  (of  the  water  at  any  rate)  going 

on  for  a  considerable  depth  below  the  visible  "  bed ''  of  the  stream. 

[This  is  an  inference  from  the  observed  fact  that,  though  the  very  large  quantity 
of  water  withdrawn  for  canals  from  the  large  rivers  (such  as  the  Ganges  and  Jnmna) 
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44.     Wr:lI-f::iLiA:::::s  as  ictca'Ir  ccn.?tr:otr-:  arr^ar  to  hare  fkH-d 
ly^nera'bj  ••  tiliizz  or^r '",  »*.  <..  It  want  cf  -  Sii-illtT  .;f  rrrtailcn  '\  so  ih 
tLU  Pnll-rm  iMi-Ti-is  tirtl:i!Ar  jracticil  :r-r«;::An,;e. 

In  ori*r  that  the  Pier  rc-ij  ^Csae«3  ••  E.iatt  SuhilirT"  as  a  wIio!«, 
U  nrce>earT 

(I;.    ThAC  :he  exurnal  forces  of  &II iorti  (iaoliii::^  j/T  Rcaczi^xs"^  ahonld  be  so 
that  ia  th*!  iu.im.i!  pi:did:-a 

•■  Tte  al^ecnic  sum  of  tteir  U<Joenu  a  Vat  a.ijr  point  =  o  '*,  or (4i 

*-The  Sam  of  M^mcnti  of  SsabiUrj  =  Sam  cf  Momfcts  ci  Inseabilitj  "^ 'J3l 
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(2).  Also  that  the  Re-actions  should  be  of  such  character  that  on  the  Pier  ander- 
going  a  very  small  (hypothetic,  not  actual)  displacement  (tilting),— 

"  The  Resultant  Moment)  of  all  the  external  Forces  (including  all  Re-actions) 
should  •*  Und  to  restore  the  Pier  to  its  normal  position  **,  i.  e.,  "  Sum  of  Moments  of 
Stability  >  sum  of  Moments  of  Instability", (86)^ 

These  conditions  may  be  called. 

(1).     The  condition  of  temporary  equilibrium. 

(2).     The  condition  of  permanent  (rotary)  Stability. 

45.  There  is  one  peculiar  difficulty  in  this  Problem  (of  Rotary  Stabi- 
lity) in  the  present  case  of  quicksand  foundations,  viz.,  that  the  Re-actions 
of  the  soil  alluded  to  are  of  very  different  character  to  the  ordinary  Re-ac- 
tious  of  solid  or  sensibly  rigid  supports  («.  g.,  rock  foundations)  :  the  latter 
alone  are  met  with  in  the  usual  Problems  in  Structures,  and  are  alone 
familiar. 

[There  is  little  difficulty  in  esthnating  the  Moment  of  Stability  of  a  tolid  Structure 
placed  on  a  rigid  support;  when  no  lateral  (disturbing)  Forces 
are  applied,  such  a  Structure  presses  all  over  its  hase^  so  that 
the  Re-action  also  is  distributed  over  the  base,  but  the  instant 
the  Structure  is  tilted  ever  so  slightly  by  lateral  forces,  the  dis- 
tributed Re-actions  are  immediately  concentrated  into  a  single 
Se-action  passing  through  the  heel  (or  point  of  rotation),  so 
that  by  taking  moments  about  any  chosen  point  on  this  line, 
the  moment  of  the  Re-action  is  zero  and  does  not  therefore 
appear  in  the  result,  so  that  no  attention  need  be  paid  to 
it.  It  is  in  fact  commonly  simply  ignored  in  ordinary  Text- 
books :  the  above  is  however  the  sole  justification  of  thus  disregarding  the  Re-actioo. 
It  is  otherwise  with  the  Re-actions  in  the  present  problem  :  they  do  not  become  so 
concentrated  into  a  single  Resultant  upon  a  slight  tilting  of  the  Structure,  so  that 
there  is  no  point  about  which  the  Moment  of  these  Re-actions  obviously  vanishes,  and 
they  eannot  he  disregarded  in  estimating  the  Moment  of  Stability]. 

In  fact  the  question  of  *'  Stability  of  rotation "  in  the  present  case 
resembles  that  of  the  Stability  of  Ships  to  the  extent  that  the  Ke-actions 
are  distributed  pressures  which  do  not  greatly  vary  for  a  slight  displacement 
(tilting  over). 

46.  It  ought  to  be  sufficiently  obvious  that  the  Equation  of  Moments 
(Eq.  35)  must  be  true  ybr  any  point  whatever,  so  that  it  is  a  matter  of  in- 
difference (theoretically)  what  point  be  chosen  as  "  Centre"  for  estimating 
Momenta :  it  may  make  great  difference  in  convenience  of  calculation  what 
point  is  chosen,  but  the  result  will  be  the  same — 

e,  g.f  in  StmctarM  on  solid  (sensibly  rigid)  supports,  it  is  eonoenicnt  to  choose  some 


2?6  c>"  ~Tzii-7  r>'Z'-iT:  T? 

•r.T  -jtz^z  yy.zr,  -m-j-zLX  eTisiiillj  !**!  :o  :i*  i*::!'*  rts;:!:- 

E-t  xrrr,\  w?iatever  point  the  Mimen:?  t-s  estirsAt^i  ir  is  €ff€^iii'  M 
irt/:l*i/U  :a  the  Eiiatfoi  cf  M^-n^nis  a.':*  Rd-i#r.i:a<  wac-se  RtssIiasU  do 
not  pa? 5  tr*r:c^-h  th*  cbosei.  j-.int. 

jyjTLi  *>«*a«^  («  «X7.*.4iaei  1  :h»  ••wss*  of  M  -nr-:*"  c»3  be  *>  eiiMca  m§  x--"  zroisz 
eonv"  l*rji5.on  >f  :h4  Re-*  :!  r.i  i- r.r»-5drr.  Tier*  i?  :a  ij>»  p-res*=.i  rr>bl4m  also  i» 
d'Xibi  *"a^  p.»:r.:  thr:.:^-"^  "s-;.:  i.  :h-  Ris::::*^':*  -.f  sxih  of  :he  R^-a-rr:  :.=^  7*3S,  *«: 
AS  ih»  p--j£:::on  of  th:*  p--.':.-.:  l«  =-.t  k- :'-»rr.  a  p-'Vn  ::  ei=i:?c  be  cb.:«KnJ- 

It  13  on  th*  whole  perhaps  m^it  conn^'^^t  to  ch»*e  the  extreme  lower 
f  down-stream)  p^:)int  of  the  base  as  "  C-eatre  of  Moments  ",  becanse  all 
"  arms  of  levers  "  are  tLns  p-jsiti'vi, 

[A  ■impl<  c>'>ui4rirj::'>n  wL!l  nj7  £b)7  die  neceuitr  of  ixicladinz  aZZ  Be-«eCioiis 
in  ihe  &{ia:ioDA  of  Momenu. 

With  inT^a^d  depth  of  sinkine.  the  arm  of  lerer  of  the  Dissorbin^  ForcOi 
incre&*««,  an  1  th-jr^fore  »l*.j  ih*ir  )[>ni«nt  (a>iat  ch-Dtsen  p-Dtnt'>.  which  is  of  ccibk 
the  M'»ni*n:  of  In^tabilicr — bat  the  ami  of  ^ererace  of  the  I^eigbt  of  the  Pierrnnazni 
con.<>tant  Qt^'.ns  dimply  the  ra'iia^  of  the  Pier's  base)  so  that  its  Moment  which  is  a 
Monient  of  Stahilitv  remains  consiaiiL  If  the  Re-actions  be  disreparde^^  Uie  follow- 
f DjT  aboard  revolt  neeettarify  follov*  : 

•*  IncrcAse-l  depth  of  ainking  is  att'^nded  with  decrease  of  rotary-  Stabilitj  "]. 

47.  Moment  of  ImtabtUtt/. — This  is  the  snm  of  the  Moments  of  the 
Disturbing  Forces  ami  of  some  of  the  Re-actions. 

(1).    Wind  on  Girdcn.  (r,).    Upward  Water-pRSBure. 

(2).    Wind  on  Piers.  («).    Direct  Vertical  Re-acdan  of  soU. 

(3).    Current  on  Drift  Masa.      (7).    Vertical  Friction. 

(4).    Current  on  Piers.  (A).    Lateral  Resistance  of  soil  on  iip-ati««iii  aide. 

Moment  of  StahilxUj, — This  is  the  sum  of  the  Moments  of  the  Weights 
and  of  one  Re-action. 

(9).    Weight  of  saperstmctare.     (1 1).    Lateral  Rc-acdon  of  soil  mgainst  down- 

(10).    Weight  of  pier.  stream  side. 

Formulas  have  already  been  giren  for  the  Moments  of  (1)  ^2)  (3) 
(4) ;  those  of  (5),  (9),  (10)  are  also  readily  calcnlable :  bat  the  Jperi- 
fMntal  data  are  entirely  wanting  for  properly  calcnlating  the  Moments  of 
(6),  (7),  («),  (11),  «>  tljat  it  is  impossible  to  present  any  certain  numerical 
estimate  of  the  (Rotary)  SUbility  or  InsUbility  of  the  Piers,  (as  it  has  been 
explained  to  be  essential  to  include  (6),  (7),  (8),  (11)  in  the  Eqnation  of 
Moments).     Home  oseful  generalizations  may  howerer  be  made. 
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48.  Separating  the  Moments  of  yertical  from  those  of  horizontal 
forces,  and  observing  that  by  Art.  12, 

Sam  of  vertical  forces  pro-  j       (  Sam  of  vertical  forces  pro-  ] 

dacing  iDstability,  viz.,  V  =  <     ducing    Stability,    Aiz.,  V (37). 

N08.  (5).  (6),  (7), )        I     N08.  (9)  and  (10), | 

bat  that  the  arms  of  leverage  of  the  Resultants  of  the  former  are  leas 

than  those  of  the  latter  (being  in  the  latter  case  simply  the  radius  of  the 

base,  and  in  the  former  some  smaller  quantity),  it  follows  that — 

^'The  Besoltant  Moment  of  all  the  Vertical  Forces  (inclading  Weight  and  Be-ac 
tions)  is  always  a  Moment  of  Stability  *\ 

Increased  depth  of  sinking  does  not  affect  the  arms  of  leverage  of  Nos. 

(5),  (9),  (10),  and  it  seems  (to  the  author)  extremely  prohalle  that  it  does 

not  affect  the  arm  of  leverage  of  the  remaining  vertical  forces  Nos.  (6) 

and  (7).     Hence  (Eq.  87),  it  may  be  inferred  with  a  high  degree  of 

probability  that — 

**  The  Resaltant  Moment  of  all  the  Vertical  Forces  is  alwavs  a  Moment  \  ^^k^ 
ot  Stability,  and  not  affected  in  amount  by  increased  depth  of  sinking",...  J  •*••  ^    '^ 

49.  Next  considering  the  horizontal  forces — it  is  clear  that — 

« Increased  depth  of  sinking  Increases  the  Moments  of  both  kinds  (Stability  and 
Instability)  of  the  horizontal  forces  ". 

Observing  that  the  sum  of  the  Disturbing  Forces,  (1),  (2),  (8),  (4)  is 
unaffected  by  increased  depth  of  sinking,  also  that  the  Resultant  up-stream 
Lateral  Re-action  of  the  soil,  i.e.,  R^'  —  R^'  (the  excess  of  (11)  over 
(8)  is  also  unaffected  by  increased  depth  of  sinking,  (being  equal  to  the 
sum  of  the  Disturbing  Forces),  it  follows  that  the  Moment  of  Instability 
of  the  Disturbing  Forces  is  increased  by  increased  depth  of  sinking  simply 
by  increased  arm  of  leverage,  but  on  the  other  hand  that  the  Resultant 
Moment  of  Stability  developable  (though  not  necessarily  developed)  from 
the  Lateral  Re -action  of  the  soil  is  increased  in  a  still  higher  ratio  than 
the  former,  in  consequence  both  of  increase  in  the  Total  Re-actions  deve- 
lopable from  the  increased  extent  of  soil  (and  that  of  gi  eater  compactness) 
in  contact  with  masonry,  and  also  of  the  (favorable)  change,  see  Result  (84) 
—in  the  arms  of  leverage  of  the  Re-actions.  These  Results  may  be  briefly 
expressed, 

**  Increased  sinking  increases  the  Moments  of  Instability  of  the  Distarbing ) 
Forces,  and  also  the  available  Resaltant  Moment  of  Stability  of  the  Horizon-  >  (.19). 
tal  Re-actions — the  Utter  in  a  higher  ratio  ", - ) 

[Both  these  Re-actions  (both  np-stream  and  down-stream),  be  it  observed,  aro 
gimultaneously  necessary  to  Stability  of  liotation]. 

This  last  is  a  most  important  Result,  for  in  consequence  of  all  the  Ver- 
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tical  Re-actions  having  been  proved  to  be  conducive  to  Instahility  (I 
f  (3)  and  (6)),  it  is  probable  that  the  "  Resultant  Moment  "  of  c 

I    /  Vertical  Forces  Cwhich  has  been  shown  to  be  a  Moment  of  Stabil 

I  ^  ■ 

j^   i  not  oj  great  magnt'tudey  and  as  it  lias  been  explained  that  it  (mosi 

i  bably)  cannot  be  increased  by  increased  depth  of  sinking,  it  follows  t 

;",                                         "The  Woiijht  of  the  Pier  is  in  qnioksnml  comparatively  unimportant  in  I 
prodiicinp:  Stability  (of  rotation),  also  that j 

"  Stability  (of  rotation)  of  Piers  in  quicksand  is  almost  entirely  due  to  the^ 
.    *  Lateral  Resistance  of  the  soil  ",  or  in  other  words i 

;;■    •                                      "  Stability  of  Rotation  can  onhj  be  secured  by  sinking  to  a  depth  at  which  j 
\  therejuired  Lateral  Resistance  can  be  developed,  J 

!"  50.     The  utmost  that  it  seems  possible  to  do  with  certainty  in  the 

[.  of  numerical  estimation  of  Stability  of  Rotation  is  to  calculate  the  Mod 

of  Instability  Nos.  1  to  5,  and  of  Stability  Nos.  9  and  10.     Their 

.    '  ference  will  be  a  Moment  of  Instability.     It  can  then  only  be  left  t 

r  .  practical  Engineer  to  judge  (empirically)  whether  the  requisite  Mo 

of  Stability  No.  11  is,  or  is  not  developable  from  the  particular  sub- 

51.     But  by  making  some  hypotheses  (guided  by  knowledge  of 

soil)  as  to  the  nature  of  the  resistance  of  the  soil,  more  definite  name 

results  may  of  course  be  obtained.     Although  the  results  are  of  cour 

that  extent  hypothetical,  still  if  the  hypotheses  are  well  chosen,  the  re 

will  be  some  guide  to  the  practical  Engineer,  better  than  no  guide  at 

[The  nsnal  hypothesis  in  works*  on  Applied  Mechanics  as  to  the  nature  of 
tancc  of  the  soil  is  that  the  soil  is  capalle  of  bearing  and  therefore  of  yie 
pressure  of  '* uniformly-varying"  intensity  (i.  c,  varying  as  the  distance  from  a 
axis)  provided  that  there  be  preg»urc  over  all  parts  of  the  surface  pressed  at 
equal  to  the  least,  and  not  greater  than  the  greatest  internal  pressure  (usually  ( 
"conjugate  pressure")  due  to  frictional  stability  of  the  particles]. 

The  course  proposed  is  hf  assigning  some  probable  manner  of  disti 
tion  of  the  various  Re-actions  to  deduce  the  numerical  yalaes  oi 
Total  Horizontal  Rc-actions  required  from  the  soil,  and  of  the  mean 
maximum  intensities  of  the  same.  It  will  then  rest  for  the  prac 
Engineer  to  consider  whether  the  particular  soil  can  or  cannot  yield 
intensity  of  pressure  indicated  as  necessary. 

\_N.B. — The  greatest  intensity  of  pressure  which  the  soil  can  safely  hear  shoi 
course  be  one  of  the  practical  data  to  be  furnished  with  a  Problem  of  this  sort) 

It  will  be  convenient  to  consider  the  Moments  of  the  Vertical 
Horizontal  Forces  separately. 

*  See  lUnldn^'s  Applied  Mcchonlop,  Arts.  197, 198, 199. 
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52.  Moment  of  Vertical  Forces, — A  prohahU  approximation  to  the 
Resultant  Moment  of  Stability  of  all  the  vertical  Forces  (Weights  and 
Be-actions  included)  may  be  made  by  assigning  the  position  of  the  Re- 
sultant of  Vertical  Re-action  of  the  soil  (both  Direct  and  Frictional). 
It  will  be  remembered  that  semi-fluidity  of  the  sand  is  considered  to  be 
allowed  for  in  Art.  14.  Assuming  that  the  sand  at  the  base  is  otherwise 
capable  of  bearing  a  uniformly-varying  pressure,  it  seems  probable  that 
a  limit  to  the  extent  of  that  variation  is  that  there  should  be  some  pressure 
(no  tension)  at  every  point  of  the  base,  t.  e.,  that  the  Pier  should  press 
everywhere  on  the  soil  at  its  base.  The  Resultant  Pressure  on  the  base 
must  in  this  case*  fall  within  a  distance  from  the  centre  of  the  base  of 
^  (radius). 

Observing  (Art.  21— (5))  that  the  Vertical  Friction  is  at  the  instant 
of  incipient  motion  of  the  Pier  confined  to  the  down-stream  side  of 
the  Pier,  and  most  intense  towards  the  down-stream  vertical  edge, 
and  assuming  that  its  intensity  along  any  vertical  edge  of  the  cylinder 
is  simply  proportional  to  the  distance  of  the  edge  from  the  diametral 
plane  which  lies  across  the  stream,  its  distribution  would  be  graphically 
represented  by  a  very  thin  semi-circular  wedge ;  the  Resultant  of  Forces 
80  distributed  liesf  at  a  distance  J  xr  ==  *7854  r  or  |  radius  approxi- 
mately from  the  axis.  On  the  above  assumption  then,  the  Resultant  Ver- 
tical Re-actions  of  the  soil  are 

Direct  (R)  at  a  distance  ^  r  from  centre  of  base,  *) 

Frictional  (F)         „        }r  „  „  J ^*^^- 

It  may  therefore  be  assumed  with  considerable  confidence  that  the  Re- 
sultant Vertical  Re  action  of  the  soil  (R  -f  F)  1^^  between  the  distances 
^  r  and  |  r  from  the  centre  of  base — or  is  roughly  speaking  about  ^  r 
distant  from  the  same. 

Now  the  magnitude  of  (R  +  F)  is  known  (by  Eq.  2),  viz.,  R  +  F 
—  'W'  —  W,  a  known  quantity. 

.*.  Moment  of  Vertical  Re-actions  of  soil  =  Re-action  x  arm  of  lever, 

=  (R+  P).|,or(W-  W)^ (48). 

as  a  rough  approximation. 

Hence  the  "  ResulUnt  Moment  of  Stability  of  all  Vertical  Forces  "  is 

as  a  rough  approximation — 

•  Banklne'f  Applied  ICecbaniei,  Art  SA6. 
f  8m  Apptndlz,  Art.  74. 
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If,  =  Sfoment  of  Weight  -  Moment  of  W«ter-presnire  -  Moment  of  Vertical  Re-«etiont  of  loU, 

=  W.  r-  WV  -  (R  +  F)j 

=  (W-.W')r-(W- W')j. 

=  (W  -  W)  J (44). 

It  is  worth  noting  that  had  the  Pier  been  resting  on  a  rigid  support  (eg.,  lock- 
fonndation),  the  Moment  of  Stability  of  Vertical  Forces  would  hare  been  simplj  Wr, 
i.  e.,  the  Moment  of  the  Weight  of  the  Pier— and  that  in  this  problem,  the  Water 
pressure  on  the  base  reduces  the  "eflfective  Weight"  of  the  Pier  to  (W— W)— •*« 
Art  16,  and  that  the  peculiar  dittrihution  of  the  Re-actions  reduces  the  leverage 
from  r  to  I  r,  so  that  the  Resultant  Moment  is  onlj  \  (W— W')  r.  This  bears  out  the 
remark  that  the  Pier's  mere  Weight  must  not  be  relied  on  for  producing  Stability  of 
rotation,  see  Result  (40). 

53.  Moment  of  Horizontal  Forces. — A  rongh  approximation  may  now 
be  made  to  the  magnitudes  of  the  Total  np-and  down-stream  Horizontal 
Re-actions  (Rh  >  ^hO  which  the  soil  must  he  capable  of  supplying  against 
the  Pier — ^by  making  some  hypotliesis  as  to  the  distribution  of  those  Re- 
sistances. 

It  has  been  explained  (Art.  41,  Result  84)  that  the  effect  of  the  Dis- 
turbing Forces  on  these  Re-actions  was  to  alter  the  distribution  of  both  of 
them,  raising  the  Resultant  (RhO  ^^  up-stream  Re-action  and  depressing 
the  Resultant  (RhO  of  down-stream  Re-action.  Now  it  seems  probable 
that  the  natural  limit  to  this  action  will  be  such  an  alteration  in  the  distri- 
bution of  the  pressure  that — 

1*.  On  the  np-strcam  side— the  soil  shall  juat  cease  to  press  against  the  Masonry  at 
the  surface  (of  the  soil). 

2°.    On  the  down-stream  side,— the  soil  shall  press  uniformly. 

Assuming  that  the  ycrtical  distribution  of  pressure  is  still  "  aniformly- 
varying  "  in  the  former  case,  the  effect  would  be 

I**.  To  depress  the  Resaltant  (Rr  ")  of  down-stream  Horizontal  Re-action  to  a  height 
of  i  X  depth  (of  sinking)  above  the  base,  (by  the  usual  rules  of  nniformly-Taiying 
pressure). 

2\  To  raise  the  Resultant  (Rh')  of  up-stream  Horizontal  Re-action  to  a  height  of 
I  X  depth  (of  binking)  above  the  base. 

[The  exact  variations  of  pressure  proposed  are  of  course  hypothetical,  but  they  are 
of  the  character  indicated  as  certain  in  the  generalizations  in  Art  (41)]. 

Let  h  =7  depth  of  sinking. 

S  (P)  s=  Sum  of  Disturbing  Forces. 
My  =  Resultant  Moment  (of  Stability)  of  all  Vertical  Forces. 
Mh  =  Sum  of  Momenti  (of  Instability)  of  Disturbing  Forces. 
Mb'  =:  Moment  (of  Stability)  of  up-stream  Horizontal  Re-action  (Rh*). 
Ma'  =:  Moment  (of  Instability)  of  down-stream  Horizontal  Re-acdon  CRh'). 
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Then  by  the  Besolts  l"*  and  2'  of  above  assumptions — 

Mb'  =  Rh'  X  I (45). 

Ma*  =Rh'  X  g (46). 

Hence  from  the  Equation  of  Moments 

Bh'  X  I  -  Rh'.  I  =  Mh  -  My (47). 

Also  from  the  condition  of  equality  amoog  the  horizontal  forces 

Bh'  -  Rh'  =  S(P) (48). 

54.  Total  Horizontal  Be-actions  (Bh'i  Rh')- — -^  ^mt  My,  F  are 
known  quantities,  the  two  quantities  Bh',  Bb'  ^^^  up-and  down-stream 
Horizontal  Be-actions  can  be  calculated  from  these  two  equations.    Thus, 

^,^6(Mh.^JM_2s(P)) 

Bh-  =  6  «Mh:^)  -  8S (P)  I ^**^' 

55.  Intensity  of  Horizontal  Re-actions. — On  the  foregoing  assumptions 
as  to  the  distribution  of  pressure,  it  follows  that  if 

p^  s  Mean  intensity  of  ap-stream  horizontal  Be-action, 
f>/=         „  „        down-Btream      „  „ 

p'  ^  MuxiiP"*"  intensitj  of  down-stream         „ 

h    =  depth  of  sinking 

Then  (by  the  pressure-distribution  assumed  in  Art.  53,  see  also  Art.  56). 

?5.  ^  Intensity  of  Rh'  per  vertical  foot (50). 

h 

^~  z=z  Mean  Intensity  of  Rh"  per  vertical  foot (51). 

2  ^  =r  M^^-g^'"!""^  Intensity  of  Rh'  per  vertical  foot (52). 

n 


f  in  ponnds  per  square  foot 


K 

= 

Rh' 
hr  • 

p.' 

= 

Rh* 
AT" 

p" 

= 

2Rb' 

(58). 


These  quantities,  (po\  p'')^  the  actual  greatest  intensities  of  pressure  of 
the  Masonry  on  the  subsoil  produced  by  the  Disturbing  Forces  (under  the 
assumed  distribution  of  pressure)  are  the  final  quantities  proposed  for  cal^ 
culation  in  Art.  51.  These  having  been  calculated  it  rests  with  the 
practical  Engineer  to  decide  whether  any  particular  soil  can  or  cannot 
bear  them.    [This  of  course  can  only  be  ascertained  by  experiment]. 

56.  Explanation  of  RetuUt  (50)  to  (63).— Resolts  (50)  and  (51)  seem  obvions. 
Besnlt  (52)  follows  from  (51),  becaose  the  distribution  of  Rh'  had  been  assumed  u 
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*<  imiftNinljr-Taryiiig  ",  and  its  intemitj  at  loil-carfaoe  sero.    Now  the  niAumnm  ■- 
tensity  is  known  in  soch  a  case  to  be  twice  the  mean.intenaitjri  hence  Reenlt  (59). 

Resalts  (50)  to  (52)  gire  the  raloes  of  the  mm  of  the  roaolred  parts  paraiUl  U  ik 
stream  of  the  Normal  Fresanree  on  a  vertical  semi-cjlinder  of  ooe  foot  in  height  The 
intensitj  of  Normal  Pressore  caoaing  that  Total  Preasore  (50  to  52)  im  oac  diretim 
is  known^  to  be  (53). 

Example, 

57.     Tlie  following  numerical  Example  is  that  of  a  Pier  for  the  Bri4go 
over  the  Bamganga,  see  Art  2. 
Fig.  1  shows  a  rertical  section  through  the  Pier's  centre  of  graritj. 
Fig,  2  is  a  *'  Yelocitj-Diagram  ",  showing  the  variatiam  of  mibrarfiMe-Tekxitf 
throughout  the  depth  calculated  bj  £q.  (16). 

Fig.  8  is  a  *'  Pressure-Diagram  ".  The  distribution  of  the  Horixontal  PresNUV 
(of  all  kinds)  is  shown  by  the  abscissas  of  the  figure  in  thin  lines  :  the  Total  or  R«- 
■ultant  Pressures  of  all  kinds  (both  rertical  and  horizontal)  are  shown  hj  thick  lioei, 
and  are  drawn  through  the  respective  Centres  of  Pressure. 
The  Vertical  Force  representative  lines  necessarily  overlap  Fig.  1. 
The  use  of  several  scales  in  this  Diagram  was  unavoidable  owing  to  the  veiy  gnat 
difference  in  the  Forces,  thus  the  scales  are  as  follows  : — 

For  Distribution  of  Disturbing  Forces, 2/X)0  Iba.  to  an  inch. 

„  Total  or  Resultant  of  Disturbing  Forces,. .. .  10,000  „  if 
y,  Distribution  of  Horizontal  Subsoil  Re-actions,  50,000  „  „ 
„     Total  or  Resultant  Horizontal  Subsoil  Re-ac-  ) 

tions, >500,000    „      „ 

„     Vertical  Forces,  - I 

Tables  L  and  II.  contain  detailsf  of  the  calculation  of  all  the  quantities  indicated 
in  this  Paper,  ending  with  the  following. — 

ToUl  Disturbing  Force,  S  (P)  =      188JI0  Iba. 

Moment  (of  Instability)  of  Disturbing  Forces,        Mh       =  11.072,400  ft  lbs. 
Moment  (of  Stability)  of  a/Z  Vertical  Forces,  Mr       =   4,197,600     „ 

Hence  are  calculated  by  £q.  (49).  Art  54,  the /no/  quantities, 

ToUlHori««Ul.»b«.aR^tion^   |  Sr,;^;„..  fe- =  JglgS  "^ 
atoo  hj  Eq.  (63),  Art  65, 

^:^^^&tn^!!'.'!^l!^^ I  P'  =  «.8eo B*. p«  1. a 

Greatest  intensity  of  downstream  hori- } 
aontal  subsoil  Re-action  at  foot  ot}  p'  s=  12,840  11:8.  per  sq.  ft 

Well, I 

Approximate  calculations  were  considered  sufficiently  accurate  for  this  FroUaB : 
thos  in  Formulas  20,  21,  28,  24,  X,  /i  have  each  been  taken  as  =  I,  alio  ig  =  64-4  s 
64  nearly.  The  Results  are  all  stated  in  round  numbers.  The  numerical  wofk  bii 
heen  carefully  checked. 

[It  rests  tcdely  with  tiie  Resident  Engineers  to  decide  whether  tiie  toil  can  or  eanaot 
beiur  these  hitensitiei  of  pressure  safely,  and  the  StaHHty  depends  aolelj  on  tids]. 

•  RanUne'a  Applted  Ifwlumica,  Art  I7f. 
j  With  list  of  xtUitmm  to  all  tht  formnlie  retpdnd. 
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Sec.  v. — Transverse  Strength. 

58.  This  is  a  question  entirehj  distinct  from  that  of  Stability,  and 
requiring  distinct  treatment. 

The  general  effect  of  the  Disturbing  Forces  is  to  produce  two  distinct 
Strains  and  Stresses  at  every  cross-section,  viz.,  (1),  Shearing ;  (2),  Longi- 
tudinal (in  the  present  case  vertical). 

[It  is  considered  that  a  solid  Masonry  Strnctnre  is  necessarily  able  to  boar  the  Shear- 
ing Force,  so  that  the  only  question  requiring  treatment  is  that  of  the  Longitudinal 
Stress  produced], 

59.  The  Weight  of  the  Superstructure  and  upper  courses  of  masonry 
produce  in  a  symmetrical  Pier  (the  usual  kind)  an  approximately  uniform 
pressure  all  over  each  horizontal  course  of  masonry,  when  the  Pier  is  not 
under  the  action  of  the  Disturbing  Forces. 

It  may  be  said  in  a  general  manner  that  the  effect  of  the  Disturbing 
Forces  is  solely  to  alter  the  distribution  of  that  pressure,  so  as  to  produce  a 
varying  pressure — least  intense  on  the  near  (up-stream)  side,  and  most  in- 
tense on  the  far  or  down -stream  side. 

This  variation  of  pressure  may  increase  (with  increase  of  the  Disturbing 
Forces)  to  such  an  extent  as  wholly  to  relieve  the  pressure  on  the  near  side, 
or  even  prodnce  tension  on  that  side.  The  material  will  fail  if  either  of 
the  two  stresses,  viz.,  tension  on  the  near  side,  or  pressure  on  the  far  side 
exceed  the  limits  of  resistance  to  tension  and  crushing  of  the  material. 

60.  The  Problem  admits  of  consideration  from  two  aspects, 

(1).  To  ascertain  the  actual  L^gitudinal  Stress  produced  at  any  Cross-section  in 
a  given  Pier  by  a  given  Disturbing  Force. 

(2).  To  ascertain  the  diameter  of  Pier  required  to  bear  with  safety  the  greatest 
Longitudinal  Stress  produced  by  a  given  Disturbing  Force. 

It  is  supposed  (by  the  author)  that  Piers  would  in  practice  be  designed 

from  considerations  other  than  those  of  Transverse  Strength,  e,  ^.,  from 

considerations  of  Stability,  so  that  the   usual  problem  would  be  the 

ibrmer  (1).     Although  somewhat  more  difficult  than  the  latter,  it  will 

accordingly  be  considered. 

[It  is  cusnmed  by  general  consent*  of  the  profession  that  the  varying  Longitudinal 
Strain  produced  over  a  Cross-section  by  Transverse  Strain  is  a  nniformly-vaiying 
Strain,  also  that  within  elastic  limit  Stress  varies  as  Strain. 

These  assaxnptions  arc  neoossaiy*  to  the  formnln  (54)  of  Art  G5]. 

•  BanUne't  Applied  Mechanics,  Art.  t06. 
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[  The  method  adopted  by  the  author  is  in  principle  the  same  as  that  adopted  bf 
Mr.  E.  Bell  in  the  Report  referred  to  in  Art.  6. 

The  aathor's  nttmerical  results  in  the  Example  choten  (Art.  69)  differ  from  ^mm" 
of  Mr.  Bell  probably  chiefly  in  consequence  of  the  different  esUmatea  of  sab-amfMe- 
velocity  adopted,  tee  Art  28.] 

61.  Plane  of  greatest  Stress, — Hemembcring  that  Indian  Well-foandi- 
tions  consist  in  general  of  a  Pier  placed  on  a  somewhat  larger  Well  neither 
of  which  taper  much,  it  follows  that— 

(1).  The  availahle  power  of  Resistance  to  the  Longitudinal  Stress  prodoeed  by 
the  Disturbing  Forces  is  approximately  the  tame  at  every  horixontal  section  of  tbt 
Well. 

(2).  The  Longitudinal  Stress  actually  produced  at  any  horiEontal  section  (of  the 
Well)  will  depend  entirely  on  the  actual  Bending  Moment  of  the  Sztemal  Horiswfed 
Forces  (including  Disturbing  Forces  and  Re-actions). 

Now  the  Bending  Moment  of  the  Disturbing  Forces  clearly  increases 
in  magnitude  from  the  top  of  the  Well  downwards ;  also  under  anj  con- 
ceivable distribution  of  the  subsoil  Re-actions  (Arts.  41,  53)  which  tciU pro- 
duce Stability  of  Rotation,  it  seems  (to  the  author)  essential  that  within 
a  short  depth  of  the  current  bed  there  should  be  considerable  "  borizootil 
np-stream  subsoil  Re-action'*,  and  that  it  should  rapidly  increase  with  the 
depth :  tlie  Moment  of  such  Re-action  will  oppose  that  of  the  Distnrfaing 
Forces.     Hence  the  following  important  Corollaries — 

1^  "  The  Bending  Moment  of  all  the  Horisontal  Forces  (whether  Diatarbiiig  or 
Re-actional)  increases  from  the  top  of  the  Well  downwards,  and  attains  a  maximna 
at  tome  thort  dittance  helow  the  current-bed,  and  the  *'  Greatest  Longitndinal  Stna** 
occurs  at  that  plane  "• 

2°.  Inasmuch  as  the  safety  of  the  Structure  depends  solely  on  thia  **  Greatest  Sties'*, 
it  is  quite  unnecessary  (as  a  practical  question)  to  consider  any  other. 

[This  is  an  important  saving  in  calculation]. 

It  would  be  important  to  discover  the  exact  po8iti>n  of  this  plane  of 
greatest  Stress,  but  this  cannot  be  done  without  assigning  Uie  precise  dis- 
tribution of  the  Horizontal  Re-actions.  Under  the  uncertainty  attending 
any  hypothetical  assignment  of  this  distribution,  it  does  not  seem  (to  the 
anthor)  worth  while  to  introduce  so  complex  an  investigation.  It  seeuM 
(to  the  author)  most  probable  that  the  ''  plane  of  greatest  Stress "  eaa- 
not  lie  at  a  depth  greater  than  one-fifth  of  the  depth  of  sinking — haTing 
regard  to  the  necessity  of  Stability  of  Rotatioit. 

It  will  be  assumed  therefore  in  the  remamder  of  this  inrestigfttion  thai 
the  plane  of  greatest  Stress  lies  at  this  depth  (one-fifth  of  depth  of  sinking). 


SKO.   V. — TBAK8V£R8t!   STRENOTH.  297 

62.  Resistance  of  Masonry  to  direct  Strain. — Those  materials  whose 
Resistance  to  tearing  and  crushing  are  eqnal  are  in  general  best  fitted  to 
resist  Transverse  Strain. 

The  arailable  Tenacity  of  '^  Brick  Masonrj  *'  is  clearly  the  least  of  the 
following  quantities — 

1®.    Tenacity  of  the  Brick. 
2*.    Tenacity  of  the  Mortar  or  Cement 
8°.    Adhesion  of  the  Mortar  or  Cement  to  the  Brick. 
The  available  resistance  of  '^  Brick  Masonry  "  to  crushing  is  clearly  the 
lesser  of  the  following  quantities — 

4**.    Hesistance  to  cmshing  of  the  Brick. 

6*.    BesifltancQ  to  crashing  of  the  Mortar  or  Cement. 

The  "  available  Tenacity  "  of  ordinary  "  Brick  Masonry  is  generally  far 
inferior  to  its  ''  available  resistance  to  Crushing ''.  In  fact  English  prac^' 
tice  in  designing  Masonry  Structures  set  in  Mortar  is  not  to  depend  at  all^ 
on  the  Tenacity  of  the  mortar. 

An  Extract  from  a  Memo,  by  B.  Leslie,  Esq.,  bearing  on  the  Strength  of 
Mortar  used  in  the  Well- foundations  of  the  Oudh  and  Rohilkhand  Rail- 
way is  appended. 

''*My  own  experience  of  brickwork  in  India  is  that  as  a  rale,  it  is  superior  to  the 
arerage  of  brickwork  in  England.  This  is  chiefly  owing  to  the  excellent  quality  of 
the  bricks  and  the  nse  of  soorkee  instead  of  sand  for  making  mortar,  by  which  the 
strength  and  tenacity  of  the  mortar  may  become  eqnal  to  that  of  the  bricks  themselves. 
In  considering  the  tenacity  of  brickwork  in  a  rertical  direction,  which  is  necessary, 
as  the  lateral  strains  resoWe  themselves  into  vertical  strains  at  the  plane  of  fracture, 
we  are  to  a  very  great  extent  dependent  on  the  qaality  of  the  workmanship,  and  the 
snpervision  maintained  daring  constraction.  In  bailding  np  new  brickwork  npon  that 
which  has  been  bailt  for  some  time,  it  is  essential  to  remove  two  or  three  conrses  to 
arrive  at  **  green  work  **  to  which  the  mortar  will  adhere,  and  even  then,  as  there  ia 
no  vertical  **  bond  ",  wo  are  entirely  dependent  npon  the  adhesion  of  the  mortar  for 
vertical  tenacity  ". 

An  Extract  from  some  "General  Observations " on  the  Well-founda- 
tions m  the  same  Railway  by  E.  Byrne,  Esq.,  Resident  Engineer  at  Lock- 
now,  bearing  on  the  same  point  (viz.,  Strength  of  Mortar  used  in  the 
Well-foundations)  is  appended. 

<*  The  tenacity  of  Mortar*  *  *  *  may  as  ahigh  figure  be  taken  at  50Iba  persnper- 
ficial  foot  800  lbs.  attainable  by  the  use  of  certain  cements  is  not  a  thing  of  ordioaiy 
practice ;  and  if  a  floating  mass  carried  down  by  unexpected  floods  should  bear  upon 
new,  and  hurriedly  constructed  brickwork,  the  shock  received  may  qnickly  prove  that 

*  BankineVOlvU  Engineering,  Art.  MI. 
VOL.   II.— 8E00KD   SERIES.  2   R 
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the  mortar  lued  in  putting  it  together  hod  not  tttuined  a  tenacity  of  eren  20  Bm.  per 
saperficial  foot. 

Roagh  treatment  to  brickwork  shoald  as  mnch  as  possible  be  aroided,  for  distmb- 
ance  of  any  kind,  is  prtjudicial  to  the  setting  of  mortar,  and  its  proper  adherence  to 
work  which  it  is  intended  to  keep  together. 

The  oscillating  manner  in  which  wells  sometimes  go  down  is  attended  with  risk ; 
for  if  heeling  over  be  excessive,  and  when  the  mortar  is  still  fresh,  force  be  emptojed 
to  regain  position,  fractnrc  may  ensae." 

In  absence  of  good  data,  and  after  such  conflicting  statements  then 
appears  (to  the  author)  to  be  no  reason  to  depart  from  established  English 
practice  for  Masonry  simply  set  in  Mortar. 

[Admitting  the  Mortar  to  be  even  of  superior  quality,  considerable  allowance  mmt 
be  made  for  the  rough  treatment  a  Well  is  exposed  to  in  the  act  of  sinking,  as  being 
likely  to  impair  the  tenacity  of  its  Mortar,  vide  Mr.  Byrne's  opinion]. 

63.  But  some  Indian  Well-foundations  differ  in  an  important  point 
from  ordinary  masonry  in  being  bonded  together  vertically  by  iron  ties 
connecting  horizontal  curbs.  The  introduction  of  these  iron  Ties  most  so 
greatly  increase  the  ''  available  Tenacity ''  of  the  Masonry  (as  a  whole) 
that  this  Tenacity  will  become  a  very  important  element  of  Trmnsvene 
Strength. 

Practical  Remark, — It  seems  to  the  author  that  the  best  resalt  would 
be  obtained  (in  future  structures)  by  placing  a  sufficient  number  of  verticsl 
Iron  Ties  on  the  side  likely  to  be  in  Tension  (the  up-stream  side) — 
especially  where  the  Tension  would  be  most  severe,  t.  «.,  for  some  distance 
above  and  below  the  level  of  greatest  scour — to  make  the  "available 
vertical  Tenacity  "  of  the  Masonry  approximately  the  same  as  its  available 
Resistance  to  Crushing. 

64.  Wells  classed. — Indian  Well-foundations  appear  therefore  to  bo 
divisible  into  two  classes  as  regards  the  investigation  of  their  Travs- 
VBRSB  Strknoth,  viz.. 

Cask  I. — Tied  vertically  with  iron-ties — Tenacity  approximately  equal 

to  Crushing  Strength. 
Cask  II. — Simply  set  in  Mortar.     Tenacity  to  be  disregarded. 

65.  Formulsd  for  Greatest  and  Least  Stress-intensities  (p\  p^  at 
plane  of  Oreatest  Stress. 

Cabb  L  Well  with  vertical  iron  ties, — Assuming  as  in  Art.  64,  thai  the 
Ties  are  applied  so  as  to  make  the  available  Tearing  and  Crushing  Stiength 
of  the  Masonry  approximately  equal—- 

Praetieal  ConeluHim. — The  Crnshing  Strength  of  good  masonry  is  known  to  be 
about  1,000  lbs.  per  square  inch.    It  follows  that— 
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It  may  be  shown*  that  if 

W  =  Total  Weight  above  any  Cross-section  AB. 
A  =  Area  of  that  section. 
Mh  =  Bending  Moment  (of  Horizontal  Forces)  at  that  section, 
a,  /3  =  Distances  of  centre  of  grarity  of  that  cross-section  from  the  down- 
stream and  np-stream  sides  of  the  cross-section. 
lo  =  Moment  of  inertia  of  the  cross-section  aboat  an  axis  across  the  stream 
throagh  its  centre  of  grarity. 
P'iPo*  P'  =  Greatest,  Mean,  and  Least  intensities  of  Stress  over  the  cross-section. 

Then,/)'=    ^  +  ^.  a,  (pressure) 

P«  =    5'  (P'^^'^'®) }. (54). 


!>"  = 


I 

I- 

W        M          r  pressure  or  tension  accordiDg  as  I 
A-X-^'l      I><^./3 J 


Case.  IL  Masonry  simply  set  in  Mortar, — As  (by  hypothesis)  the 
Tenacity  of  the  Mortar  is  not  to  be  relied  on,  it  follows  that  there  should 
(for  safety)  be  some  pressure  oyer  every  part  of  the  Cross-section,  so  that 
the  Longitudinal  Stress  at  that  section  should  be  all  of  one  kind  (viz., 
pressure). 

Now  it  may  be  proved*  that  in  this  case  (t.  tf.,  when  the  Stress  is  all  pres- 
sure), 'Hhe  Greatest  and  Least  intensities  of  Stress  are  the  same  for  all 
material  (which  is  capable  of  bearing  a  uniformly-varying  Strain),  within 
the  Elastic  limit  of  Crushing  Strain  ",  and  may  therefore  be  found  by  the 
same  formulas  (54)  as  given  for  "isotropic  **  material  (t.  e»,  material  whose 
extension  and  contraction  under  equal  Loads  are  equal). 

[The  limitation  to  the  application  of  formnloB  (54)  to  this  Case  is  of  coarse  that  p' 
most  be  positive  (t.  e.,  represent  pressure),  so  that  if  (on  trial)  p"  be  negative  the 
formnlfe  (54)  are  inapplicable,  t.  e.,  do  not  yield  the  tme  yalnes  of  either  Stress,  bnt 
it  most  be  remembered  that  the  fact  of  p'  becoming  negative  would  indicate  tension 
over  part  of  the  cross-section,  in  which  case  the  Pillar  must  fail  hj  tearing,  (it  being 
supposed  incapable  of  resisting  tension),  or  at  any  rate  be  dangerously  strained]. 

66.  ApplicationofformukB(bi), — These  formulss  are  true  for  any  cross- 
section.  It  is  practially  sufficient  (Art  61)  to  find  the  stress-intensities 
for  the  cross-section  of  greatest  stress  only,  which  will  be  assumed  (Art  61) 
at  ^  of  depth  of  sinking  below  current-bed.  All  the  quantities  W,  A, 
Ml,  o,  /3,  To  must  of  course  be  taken  for  that  section. 

•  Set  **  ProfeHioiua  Papen  on  Indian  Enginoeriog,"  Second  Scriev ,  No.  LXZT.,  on  "  Tnuunrenn 
Strain  in  PUlan  *',  by  the  present  writer. 
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The  quantities  W,  Mu  arc  of  course  to  be  calculated  by  the  principlef 
and  formulae  of  Sections  II,,  III.,  IV. 

The  calcalation  of  W  presents  no  difficnlty.  Mh  is  strictly  the  ResalUnt  Bending 
Moment  of  aZZ  horizontal  forces  above  the  plane  of  greatest  stress,  and  therefore  includ- 
es a  partial  Moment  of  both  ap-stream  and  down-stream  Horizontal  Sob-aoil  Be-actions 
(R  H,  R'h). 

It  appears  (to  the  anthor)  that  at  any  snch  small  depth  (as  chosen)  below  cnirent-bcd 
both  these  partial  ^lomcnts  will  be  very  small  compared  with  the  lar^  Moment  of 
Distorbing  Forces. 

The  uncertainty  as  to  their  distribntion  makes  it  nnadvisable  to  increase  the  com- 
plexity of  the  calculation  by  attempting  to  introduce  them,  if  the  error  conaeqaent  on 
their  omission  is  small.  Now  this  error  is  not  merely  imill  (as  explained),  but  is  an 
error  on  the  side  of  safety,  hooanse  it  is  easily  seen  that  the  partial  Moment  of  Rh' 
must  be  greater  than  that  of  R'n  and  therefore  that  the  (omitted  Resultant  Moment 
of  R'h,  R''u  is  a  momentofoppotitetign  to  that  of  the  Disturbing  Forces,  so  that  the 
omission  is  e(|uivalcnt  to  an  ^ver-estimation  of  the  moment  Mn,  and  is  therefore  an 
error  on  the  side  of  safety.  It  seems  therefore  sufficiently  accurate  for  the  present 
Problem  to  estimate  Mn  as  equal  to  the  Moment  of  the  Disturbing  Forces  only. 
67.  Application  to  cylindric  Wells, — The  cross-section  being  a  cirde, 
Area  =  A  =  irr» 
a=z  r  =/J 


Moment  of  inertia*  I    j    ^  JT.  ,.« | 

about  centre,...   j     **         4        J 

Hence  formulae  (54)  become, 
W         4Mh 

Po  =  -^ >  (Ma). 

„  _    \V    _  4Mh 
^     ""   jrr»  nt^ 

IN.B.—It  is  conyenient  in  the  first  instance  to  take  the  lineal yoof  and  avoirdupeii 
pound  as  units  of  length  and  weight  throughout 

The  resulting  quantities  p\  p^  p"  will  of  course  bo  in  pounds  per  square  fofot.  These 
should  finally  be  reduced  to  their  equivalents  in  pounds  per  square  ineh^, 

68.  Level  of  no  Tensile  Stress.^lt  appears  from  actual  examples  of 
cylindric  Piers  in  the  Oudh  and  Rohikhand  Railway  (see  Ex.  in  Art.  69) 
that  there  is  always  severe  Tension  at  plane  of  Greatest  Stress ;  heace 
the  following  important  results : — 

''Masonry  simply  set  in  Mortar  is  unsafe  for  Well-foundations", «  (56). 

Well-foundations  should  be  tied  vertically  with  iron-ties  about  level  of  cni^  )  ^-^ 
rent-bed  to  enable  them  to  bear  this  Tension  safely," /  ^  ^ 

Hence  an  important  question  arises,  viz.,  to  find  the  level  of  no  Teo- 

*  JUnkiuc's  An>liu(l  Mochonics,  Art.  tOb. 
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sile  Stress,  as  the  vertical  Tie-rods  should  clearly  be  carried  to  this 
height.     This  would  be  found  by  solution  of  the  equation  (54),  p"  =  o, 

whence  for  any  Well,  —- .  /3  =  -7- ,  or  in  case^^of  a  cylindric  well 

Mh  =  i  Wr,  from  Eq.  (54a). 

[This  Equation  considered  as  a  function  of  d  (depth  of  plane  required)  is  so  complex 
that  it  could  only  be  solved  by  approximation.  The  expression  for  Mg  would  more- 
over require  a  re-casting  of  theformuliB  (19  to  21)  for  Total  Current-pressure  and  (22 
to  27)  for  Moment  of  Current-pressure,  as  the  *<  limits  "  of  the  integration  would  in 
general  be  different  to  those  used  in  those  formula  in  the  actual  forms  given  in  the 
Text    This  can  be  easily  done  from  the  general  expressions  in  the  Appendix]. 

As  in  the  Example  chosen  for  illustration  (Art.  69),  it  will  bo  easy  to 
show  that  the  <*  level  of  no  Tensile  Stress  "  is  actually  hu  little  below  the 
flood  level,  and  as  tlie  Example  seems  a  fairly  typical  one,  it  appears 
hardly  worth  while  to  introduce  here  the  complex  formulae  for  Mh  in  gene- 
ral. 

The  following  are  important  practical  conclusions : — 

« In  slender  cylindric  Masonry  Piers  exposing  a  large  Girder-sorface  to  I  ^j.j«v 
Wind,  the  "level  of  no  Tensile  Stress"  is  very  high  up", )  ^°°^* 

^  Such  Piers  if  eimply  set  in  mortar  are  dangerously  liable  to  failure  by  1 

want  of  Transverse  Strength,  (1.  e.,  bv  opening  of  the  joint  under  Ten-  >  (60)« 
sion)  under  effect  of  high  mind  alone'\„^ ) 

*'Such  Piers  should  be  tied  with  iron  tie-rods  nearly  throughout  their  length  "  (61). 

These  conclusions  will  appear  startling  and  even  opposed  to  the  result 
of  experience  that  Piers  have  almost  invariably  failed  bi/  tilting  over^  t.  e., 
by  want  of  Stability  of  rotation  (Arts.  5  and  44). 

It  will  be  well  therefore  to  examine  carefully  the  ground  of  these  con- 
clusions. In  the  first  place  the  investigation  from  which  the  fact  of 
existence  of  Tensile  Stress  is  deduced  by  formulas  (54)  depends  essen- 
tially on  the  hypotheses  that 

(1).    <* Transverse  applied  Force  causes  in  Masonry  a  "uniformly-varying", 

Longitudinal  Strain  over  any  cross-section." 
(2).    *'  Stress  in  Maeonry  is  proportional  to  Strain  within  the  elastic  limit " 

These  are  the  hypotheses  either  explicitly  or  implicitly  made  by  all 

writers  on  Applied  Mechanics :  the  author  is  not  aware  that  there  is  any 

experimental  evidence  of  the  truth  of  these  hypotheses  in  the  particular 

case  of  Masonry.     Herein  is  the  weak  point  of  the  investigation.    They 

have  however  the  weight  of  authority,  viz.,  of  general  adoption  by  writers* 

on  Applied  Mechanics. 

•  Set  Bankine'c  Applied  Mechanic!,  Art*-  IW,  3 IS.    BaakiiM's  CIvU  Engineering,  Art  968. 
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On  these  '^  hrpothcsca  *'  it  follows  nfecfsaril^  that  a  solid  cjlindric  Pier  is  one  of 
the  weakest  forms  as  rc^nnU  TbjlN3VEB3E  Strexgth  :  for  the  ntmost  deriatian 
of  the  Centre  of  Pre^sare  on  anr  cnHd-secdon^from  its  centre  of  fignre— of  all  the 
External  Forces  (both  Vertical  Liad  and  Disturbing  Forces)  consisteiit  with  the  mn- 
prodnction  of  Teysiox  is  only*  ^  of  the  diameter,  which  in  a  slender  cjlindric  well 
is  of  coarse  a  tmall  qaantitj  (e.  g.,  onlv  3  feet  in  the  Rimzan;;!  16  foot  Wells). 

Lastly,  with  regard  to  the  observed  fact,  that  Wells  hare  hitherto  almost 
invariably  failed  not  by  cross-breaking,  bat  by  want  of  Stability  or 
Rotation,  the  argament  abore  enforced  is  only  to  the  effect  that— 

'* There  will  be  Jtom^  Tension  through >at  the  f^reater  part  of  the  height  of  a  slea- 
der  solid  cjlindric  Well,  increasing  in  intensity  downwards  from  about  flood  lerel  to 
a  little  below  the  cnrrcnt-bed.  " 

[  Mr.  Bell's  Report  gives  diagram;  which  clearlj  show  this  important  fact  in  the 
case  of  nine  different  Piers  of  Railwaj  Bridges  on  the  Ondh  and  Rohilkhand  Railwaj]. 

It  mnst  be  inferred  that  the  quality  of  Mortar  and  partial  employment 
of  vertical  iron  ties  have  hitherto  sufficed  to  prevent  actual  fracture,  but 
it  does  not  follow  that  the  state  of  Tension  was  not  dangerous  to  Masoniy 
simply  set  in  mortar.  As  before  stated,  English  practice^  is  that  the 
Tenacity  of  Masonry  simply  set  in  mortar  is  not  to  be  depended  on. 

[  That  the  danger  of  cross-breaking  of  slender  Masonry  Pillars  nnder  effect  of 
High  Wind  onlj  is  bj  no  means  distant  maj  be  infernal  from  the  fact  that  the  Ishi- 
pnr  Factory  chimney  snapped  in  one  of  the  cjcloncs  of  18G4  and  1867,  and  the  Kidhsi^ 
pnr  Chnith  spire  snapped  in  both  those  cjclones]. 

Example. 

69.  The  same  example  is  chosen  for  illustration  of  the  principles  and 
formulae  of  Section  V.  as  in  Art.  57. 

The  plane  of  Greatest  Stress  is  aunmtd  at  a  depth  below  cnirent-bed  of  5  tet  or 
I  X  depth  of  sinking  for  reasons  explained  in  Art  61. 

Tables  III.  and  IV.  contain  details  of  the  calculations  of  the  Load  ( W)  and  Bend* 
ing  Moment  (M„  )  at  plane  of  Greatest  Stress  with  list  of  references  to  all  fonnnhi 
required ;  the  resnlts  being  W  =  1,637^80  lbs.,  Mq  =  7,747,600  lbs. 

Hence  by  Eq.  (54a). 

p*  =  8147  +  19272  =       27,419  Bs.  per  square  foot,  (.presMurt). 

p.  =  8147  =        8,147  „  „  (preuure). 

pT  =5  8147  -  19272  a  —  11,125  „  „  (t^iuM). 

These  are  equivalent  to 

Greatest  intensitj  of  preuurt  p'  :=  195  lbs.  per  square  '"f* 

Mean  intensity  otpreeawre      ^o  =    60  „  „ 

Greatest  intensity  of  fsfwi^a   p'=s    77  „  „ 

*  BonkLu's  Applied  Keohanica,  Art  S0». 
«  BanklM*!  Applied  Hcchanics,  Arts.  20ft,  f  15. 
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Case  L  Well  with  vertical  iron  tiet.—Thia  Pier  is  amply  stroDg  enough  if  so 
tied  on  np-stream  side  (about  level  of  plane  of  greatest  stress)  that  the  effective  Ten- 
acity and  Crashing  Besistance  are  approximately  eqnal. 

Case  IL  Matonry  simply  $et  in  Mortar. — When  the  Distorbing  Forces  simnlta- 
neoosly  reach  their  maxima,  the  masonry  will  be  very  dangerously  strained,  as  it 
has  been  shown  that  a  large  Tensile  Stress  will  fall  on  the  np-stream  side  at  the  plane 
of  greatest  stress — (the  tenacity  of  the  mortar  being  disregarded). 

[iVlA — ^The  Tensile  Stress  will  not  be  exactly  77  lbs.  per  sqnare  inch,  as  formnln 
(54  A)  are  not  applicable  to  Case  IL  when  actual  Tension  exists.  The  proper  for- 
moke  for  calculating  the  Stresses  in  Case  11.  when  actual  Tension  exists  are  so 
complex,  that  it  does  not  seem  worth  the  labor  of  calculation]. 

It  having  been  shown  that  there  is  severe  Tension  at  plane  of  Greatest  Stress,  it 
becomes  important  to  find  out  the  level  of  "  plane  of  no  Tensile  Stress*',  as  below  this 
level  the  Masonry  should  certainly  be  tied  with  iron  Ties. 

Now  it  is  easily  seen  that  at  the  Flood-level, 
W  =  Weight  of  Girders  +  Weight  of  Pier  above  flood  level, 

=  44,800  +  112-6  X  w  X  (yY  ^  ^^'^^>  =  206,880  lbs. 
Mg  =  Moment  of  Wind  on  Girder  +  Moment  of  Wind  on  Piers, 
s  12,680  X  13|  +  2430  x  5-4,  =  184,300  footrpounds. 

Ai      u    1?     /e^*N   ^       W        4M„        Wr-4M„ 

Also  by  Eq.  (64a),  ^i*  =  —  -  _-f  =   —-5 

"^        irr»  w  r* 

.     .       206,880  X  8  -  4  X  184,800       ^^^  ^ 
.\rr  =:  — J-^s ■ —  =  666  IDs.  per  square  foot  pressure. 


X  8  X  8  X  8 


Hence  the  Least  intensity  of  Stress  at  Flood-level  is  666  Ks.  per  s^^uare  foot,  or 
4  lbs.  per  square  inch,  and  is  pressure. 

The  actual  Pbessube  is  so  small  that  it  is  obvious  that  Tension  must  ensue  at  a 
short  distance  lower  down ;  in  fact  on  repeating  the  process  at  the  level  of  the  top  of 
the  Well,  it  appears  that  at  that  level  there  is  an  actual  Tension  of  6  lbs.  per  sq.  in. 

It  follows  therefore  that  *<from  wome  short  distance  below  Flood  level  there  is  some 
vertical  Tension  at  each  cross-section  increasing  downwards  to  some  short  distance 
below  the  Current-bed  ".    This  bears  out  the  general  **  conclusions  "  in  Art  68. 

Table  III. — Vertical  Load  at  plane  of  Qreatest  Stress. 


Wdgbt 

in 
ptfo.ft. 


Yolame  inoabicfeet. 


WdghtinI 


toTOck 


Girders, 
18  foot  Pier, 
16  foot  Well, 


112-5 
112-6 


w  X  (?)•  X  27-85 
»X(?)*X(47-1.6) 


44,800 

416,070 

1,176,710 


Arts.  17, 18. 
Arts.  17, 18. 


/,  Vertical  Load  at  plane  of  greatest  I 
Stress,  i.  e.,  W  =  / 


1,637,580 


Art  66. 
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Appendix  I. 

Construction  oj  formulde  (14),  (15)  ^br  subsurface  velocity, 

70.     The  Mississippi  experiments  show  that 
if  Mo  Md  represent  the  depth  (  D)  of  a  current, 
„  Po  Mo  represent  the  **  surface  Telocity  '*  ( Vo), 
„  Pd  Md  represent  the  "  bottom  velocity  (Vd), 

Then  the  velocity  (V)  at  any  point  M  whose  ^ 
depth  below  the  surface  is  Mo  M  =  d  will  be  re- 
presented by  the  abscissa  PM  of  the  parabola  Po 
PAPd  whose  axis  is  Ax  at  a  distance  d!  =  M^M' 
from  the  surface  depending  on  the  "  hydraulic 
mean  depth"  and  force  of  the  wind. 

To  find  a  formula  for  V  the  velocity  at  any 
depth  d  in  terms  of  d  and  of  the  data  Vo,  d\ 
Vd,  D  :— 
Let  p  be  the  latns  rectum  of  the  parabolA, 
Then  PN'  s  p  x  AN  from  the  property  of 
the  parabola, 

or  (rf*  -  rf)'  =;» .  (V  -  V)  for  any  point (i). 

.-.     <r«  =  p  .  (V  -  Vo)  for  the  surface, (ii). 

and  (cT  -  D)"  =  p  .  (V  —  Vd)  for  the  bed ^ ^  (iii). 

Hence  subtracting  (ii)  from  (i),  d'  —  2d'd  =  p  x  (V^,  —  V) 
And  subtracting  (ii)  from  (iii),  D'*'—  2d!D  =  p  x  (V„  —  Vd) 
d  (d  -  2(f)  Vo  -  V 


J? 

Vo 

M 

m 

if 

y\ 

V 

M 

A 

f   1 

"  v^- 

Vo 

iiT" 

Mr 

-« 

Pb 

tng 

HenceV  =  V.-(Vo-VD) 


A18oV'  =  V^  +  (V„-Vd) 
U  formula  (15)  of  the  Text. 


D(D-  2d)  —   V, 
did  -2d') 
D  (D  -  2d') 
d*^ 


Vd 
,  which  is  formula  (14)  of  the  Text. 


D  (D  -  2d) 


,  (for  V  =  V  when  d  =  d^),  which 


Total  Current  Pretiure, 


71.     Case  I.    Well  cylindrical^  or  with  slight  continuous  taper. 
Let  6  =  breadth  of  Well  at  depth  d. 

bot  ht>  =  breadths  of  Well  at  surface  (d  s=  o),  and  at  current  bed  (J  ss  D). 
A  =  area  of  vertical  diametral  section  of  Well  in  the  cunent. 
p  =  pressure-intensity  (per  vertical  linear  unit)  round  a  ring  at  depth  d, 
P  =  Total  Current  pressure  on  the  Well 

Then  P  =    /^  p,dd,  (if  the  cross-section  of  Well  be  oniform,  or  change  continuously), 
JtwJ.p.c/rf.byEq.  (18). 
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vuimble  i  intermediate  to  &,and  >d> 

=  *».^*.^.D.(l-|+  i)  =-^  X  *-.'^.pDingene»I. 

Now  P  ss  h^ssho  if  the  Pier  be  cjlindricaL 

/3  =  ^  f  io  +  &D  J  approximately,  if  the  Pier  tiqwr  onlj  digfatlj. 

Hence 

/3D  =  A  in  former  case,  and  approximatelv  in  latter  case. 

8  V ' 

.-»  P  =  ^  X  ^»  A .  -^  f or  a  cjlindrical  Well,  and  approximately  alao  for  a  Well 

with  oontinnons  slight  taper.    This  is  £q.  (19)  of  Text 

Case  IL    Short  cjlindric  or  ilightly  tapering  Pier  on  a  hroad  cylindzic  or  digkdy 
tapering  Well. 

[If  the  breadth  of  Pier  at  base  be  veiy  different  to  that  of  Well  at  top,  the  crow- 
■ections  are  discontinuous,  and  the  prerioos  formnUe  inaccnrate.    The  Total  Pret- 
■nres  on  Pier  and  Well  must  be  separately  estimated.    It  is  considered  that  the  jlifM 
taper  maj  in  practice  be  disregarded]. 
Let  P',  P*  =  Total  Carrent  pressures  on  Pier  and  Well. 
io»B  =  Average  breadths  of  Pier  and  WelL 
<f ,  =  Depth  of  top  of  Well  below  surface 
Then  by  a  slight  modification  of  steps  of  Case  L, 

'^     y.    '^  2j*»L        3D»^6D«J, 

=  *«>.^.i,rf„(l-|.^! +1.^);  this  it  Eq.(21)o£  Text. 

—/>■■"=*-¥- ["-IS*  I  ^L", 

Depth  of  Centre  of  Current-pressure, 

72.     Case  L    Well  cylindrical,  or  with  slight  continuous  taper. 
By  the  ordinary  analytical  process  for  finding  Centre  of  Pressure  and  with  notatioa 
ai  in  Arts.  86, 86  and  71. 

P ,  d^  =  /^  P^ '  ^>  0^  ^®  croaB-section  of  Well  be  nniform  or  change  continooualyX 


kwh, '^.d.ddbj'Eq,  (18). 


ajkw.  ^p,y"^^d^2^+  ^y««,whew/3  is  some  Taloe  of  » in- 


termediate to  60,  io . 
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1  V  • 

=  g  ibv .  -^ .  AD,  if  the  Well  be  cylindrical,  also  approximately  if  the  Well 

taper  only  slightly. 
Hence  rfo  =  g  *»».  ^.  AD  -5-  P  =  ^  D,  which  is  Eq.  (22)  of  Text 

Case  IL  Short  cylindric  or  ilightly  tapering  Pier  on  a  broad  cylindric  or  tlightlif 
tapering  Well. 

[If  the  breadth  of  Pier  at  base  be  very  different  to  that  of  Well  at  top,  the  Crosa- 
eections  are  diseontinuoui,  and  the  previoas  formnlsB  inaccurate.  The  Centres  of 
Pressure  on  Pier  and  Well  mnst  be  f oond  separately.  It  is  considered  that  the  slight 
taper  may  in  practice  be  disregarded]. 

By  obvious  modifications  of  steps  of  Case  L,  and  with  notation  of  Arts.  35,  86,  71. 

•*•  ^''  = fii^  Tj* •  F-  wl"«l» "  ^-  <28)  of  Text 


Text 


Ctntre  of  Prtume  of  Haritontal  E«-aetion$. 

73.  The  depth  of  the  "Centre"  of  fluid  pmsaie  againat  •  vertical  rectangle 
whoaetopand  bottom  lines  are  at  depths  D' and  (D'4-  A)  below  the  sorface  is  knowa 
to  be*  at  a  depth  below  that  soiface  of 

.    ..       2(D'  +  *)«-D'' 

.*.  Heis^tof  that  Centre  of  Pressure  abore  the  base  is 

3  CD'  4-  AV  —  D" 
h^sz  CD'  +  *)  -  3  /p;T^_j^r,»  (which  on  reduction  becomes) 

=  5-1^  •  '^J  ■  (l  +  2-^O  »«».Ui.Bq.(«)of.T«tt 
•  Oap«*i  Msthemstici,  VoU  II.,  Art.  iM. 
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Position  of  Resultant  of  Vertical  Friction, 

74.     It  is  explained  in  Arts.  21  and  52  that  at  instant  of  incipient  motion  the 

Vertical  Friction  is  confined  to  the  down-stream  side  of  the  Pier  and  that  its  distriba- 

tion  ronnd  that  side  may  bo  graphically  represented  by  a  very  thin  semi-circolar 

wedge.    This  distance  of  the  Resultant  of  a  system  of  Forces  so  distributed  from  the 

centre  of  the  wedge  is  known  to  be*  in  general 

Stt  r*  —  r'* 

fl?o  =  T:r  •  -3 7h  where  r,  r'  arc  the  external  and  internal  radii  of  base. 

16    r*  —  r* 


_  3jr     r^  -  (r  -I-  Q* 


16*  H  -  (r  +  0' 


-, ,  if  <  be  the  thickness  of  shell, 


•"  16  •  3  r*  /  +  3r  <«  +  <»        '  ""    16  *        ,  ,  „  «   ^  t*         '   ' 


3  +  3-   +  ^ 


Sir    4 

=  TS"  •  o  ^>  ^^^'^  ^  ^^  (*^  supposed)  indefinitely  small, 
lo     o 

=  ^  r,  which  is  Residt  (42),  Art  62  of  Text 


•  BanUat'i  AppUcd  Mecha&tos,  Art.  8S,  Csm  XYI. 
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Appendix  II. 
75.     Extracts  of  Reports  on  Wind-pressure  referred  to  in  Art.  23. 

Extract  of  Letter  No,  596;  dated  6th  December ^  IS72,  from  MeteorO' 
logical  Reporter,  Bengal. 

Sir, — I  regret  to  say  that  there  are  very  few  data  obtainable  for  ascertaining  the 
maximam  pressare  of  the  wind.  The  only  pressare  anemometer  that  I  know  of  in 
Bengal  is  that  at  the  Surveyor  General's  office,  and  it  has  been  blown  away  in  both  of 
the  severe  cylones  that  we  have  had  of  recent  years.  In  a  cylone  on  the  9th  Jane, 
1869,  which  was  of  considerable  force,  but  which  did  little  injury,  the  maximnm  pres- 
sure was  50  lbs.  per  square  foot.  In  the  North- Westers  that  occur  chiefly  in  March 
and  April,  a  few  gusts  sometimes  occur  of  between  30  and  40  tbs.  to  the  square  foot. 
The  readings  of  a  cap  and  ball  anemometer  such  as  are  generally  in  use  at  the 
meteorological  stations,  cannot  be  made  to  afford  the  datum  you  require,  because  in 
stormy  winds  the  high  pressures  are  always  intermittent  In  cylones  for  example, 
the  pressures  alternate  rapidly  between  5  or  6  and  50  lbs.  and  no  empirical  formola 
by  which  even  a  rough  approximation  of  maximum  pressure  under  such  circumstances 
can  be  obtained  from  total  movements  has  been  ascertained. 

Extract  of  letter  No.  236,  dated  I3th  December,  1872,  from  Supdt. 
Science  Department  in  Oudh. 

Sib, — ^In  acknowledging  the  receipt  of  your  letter  dated  9th  December,  1872, 1  have 
the  honor  to  give  herewith  the  dates  on  which  storms  occurred  with  high  pressare  of 
wind  registered  by  Osier's  Anemometer— 

20th  April,  1868,       ..        40  RJs.  pressare  per  sqnare  foot 

11th  May,  1868,         ..         30    „  „ 

19th  July,  1869,        ..         20    „  „ 

23rd  March,  1870,     ..        25    „  „  x 

2nd  May,  1871,         • .        40    „  ,» 

22nd  May,  1871,        ..         40    „  „ 

12th  May,  1872,         ..         25    „  „ 

2.  On  the  23rd  Febraary,  1868,  before  Osier's  Anemometer  had  been  put  np,  there 
was  a  storm  which  blew  down  5  walls,  7  minarets  and  223  trees  within  the  limits  of 
the  City  of  Lncknow.  There  was  no  means  of  recording  the  pressare  of  the  wind  on 
this  occasion. 

3.  The  following  are  the  velocities  on  record  coiresponding  to  some  of  the  storms 
previoosly  given — 

19th  Jnly,  1869,        •  •  8  miles  in  15  minntes. 

2nd  May,  1871,  ..        91      „         40        „ 

12th  May,  1872,        ..        76      „         85        „ 

A.  C. 
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KALSI  SUSPENSION  BRIDGE  FOUNDATIONS. 


By  Lieut.  J.  T.  Wright,  R.E.,  AssisL  Engineer,  D.  P.  W. 


ea  May,  1873. 

The  foundations  of  a  new  tower  for  the  Ealsi  Suspension  Bridge,  of  which 
the  dimensions  were  to  be  40  feet  x  15  feet,  had  to  be  carried  down  to  a 
depth  of  20  feet  below  low-water  level.  The  excavation,  which  was  com- 
menced on  the  5th  February,  was  to  be  completed  by  the  end  of  Aiarch 
at  latest. 

Owing  to  the  want  of  space,  due  to  the  proximity  of  the  back  pier  ofi 
one  side,  and  the  nearness  of  the  river  on  the  other,  it  was  not  possible  to 
dig  an  open  pit,  for  the  soil,  which  consists  of  boulders,  loose  gravel  and 

Fig.  1. 
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sand,  would  not  have  stood  at  a  less  slope  than  2  to  1.    The  following 
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plan  was  devised  by  the  Snperintending  Engineer:*  Wooden  cases  of  12 
inches  X  12  inches  scantling  of  cheer  wood  were  to  be  fixed,  commencing 
from  low-water  level  in  the  same  way  as  the  cases  of  an  ordinary  mining 
shaft,  t.  e,f  the  first  case  having  been  fixed,  the  earth  underneath  it  was 
to  be  excavated  to  allow  of  the  fixing  of  the  second  case,  in  lengths  not 
exceeding  20  feet,  and  so  on. 

The  interior  dimensions  of  the  first  case  were  42  feet  x  29  feet,  so  as 
to  allow  of  the  cases  being  fixed  with  ofif-sets  of  4  inches  in  their  length 
to  admit  of  the  arrangement  described  below. 

As  soon  as  the  water  level  was  reached  the  water  began  to  make  very 
qnickly,  and  it  was  at  first  feared  that  the  single  pump  (7-  inch  Gwynne's 

centrifugal)  would  be  insufficient  to  keep  the 
water  down.     It  would  not  have  been  possible 
to  drive  piles  in  such  soil  and  make  a  re- 
gular coffer-dam  to  keep  out  the  water:  so 
the  joints  between  the  cases  were  to  be  made 
water-tight  in  the  manner  shown  in  J^ig.  2. 
The  bolts  were  to  come  up  through  slots  in 
the  off-sets,  and  tarred  hemp  was  to  be  laid 
between  the  cases,  the  nuts  being  screwed 
well  down  to  make  the  joint  water-tight. 
It  was,  however,  found  that  practically  the  water  never  came  through 
between  the  cases,  but  that  as  each  successive  case  was  fixed,  the  water 
Fig.  3.  ran  down  behind  it  and  came  up  underneath.    The 

arrangement  of  bolts  and  tarred  hemp  was  therefore 
rendered  unnecessary,  and  each  case  when  placed  in 
position  was  connected  with  the  one  above  it  by  flat 
iron  spikes  10  feet  apart  (with  eyelet  holes  in  the 
upper  ends)  driven  into  the  off-set,  and  spikes  driven 
horizontally  through  the  eyelet  holes  into  the  case 
above  (vide  Fig.  3). 

Owing  to  the  looseness  of  the  soil  much  difficulty  was  experienced  in 
getting  the  timbers  of  the  cases  into  theiJt  proper  position ;  for  a  single 
small  stone  or  a  little  gravel  falling  down  into  the  place  prepared  for  a 
timber,  whi!^  the  timber  was  being  placed  in  position,  necessitated  its  re- 
moval and  fresh  clearing.     At  first  the  timbers  were  driven  into  their 

•  Major  M,  Perkini,  BB- 
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places  by  blows  of  heavy  wooden  mallets ;  bat  the  uhock  of  the  blows  to 
the  soil  caused  the  above  mentioned  hindrance :  so  the  following  plan  wis 
adoptel.  Pieces  of  angle-iron  were  placed  horizontally  on  chocks  of  wood, 
and  when  greased  the  timber  was  placed  on  the  irou  (/"Vj.  4);  and  bat 

Fig,  4. 
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slight  pressure  was  needed  to  run  it  gently  into  its  place. 

Occasionally  large  boulders  of  several  cubic  feet  content  would  be 
found  in  the  line  of  the  casing  and  cause  considerable  delay  :  it  was  fonnd 
better  to  leave  such  boulders  in  their  places  and  to  cut  away  sufficient  of 
them  with  chisels  to  allow  of  the  timber  being  fixed. 

When  a  depth  of  10  feet  below  low  water  level  had  been  reached,  the 
boulders  came  to  an  end,  and  a  stratum  of  hard  gravel  was  reached.  At 
this  period  of  the  work  the  pump  got  choke<l,  owing  to  the  chips  fiom  the 
carpentering  in  tlie  foundations  getting  through  the  strainer,  and  tbe 
foundation  filled  with  water.  When  it  had  again  been  emptied,  it  wis 
found  that  three  of  the  lower  cases  had,  (owing  to  the  cross  pieces  not 
having  been  fixed,)  by  their  buoyancy  got  wrenched  out  of  position.  The 
getting  of  thcni  into  proper  position  again  was  found  to  be  so  tedious, 
tliat  it  was  resolved,  as  there  was  ample  room  (the  dimensions  of  the  pit 
at  10  feet  deep  being  41  feet  x  20  feet)  to  set  off  at  that  depth  a  fresh 
set  of  casings  entirely  within  the  others,  the  internal  dimensions  of  which 
were  to  be  40  feet  X  18  feet.  This  was  done,  and  by  the  20th  March  seven 
more  cases  had  been  fixed,  making  a  total  depth  of  17  feet  below  low- 
water  level,  and  14  feet  6  inches  below  the  lowest  level  of  the  bed  of  the 
river.  As  time  pressed,  and  a  firm  subsoil  had  been  reached,  orders  were 
given  to  go  on  with  the  masonry  at  once.  The  masonry  has  up  to  the  pre- 
sent date  been  carried  up  to  a  height  of  22  feet,  and  the  whole  of  the 
wood  used  in  the  casing  has  been  extricated ;  each  case  was  taken  out 
piece  hy  piece  as  each  foot  of  masonry,  was  completed  ;  the  place  vacated 
by  the  timber  being  immediately  filled  in  with  large  boulders. 

The  earth  from  the  excavation  was  raised  on  to  stagings  in  boxes  with 
movable  bottoms,  containing  4  cubic  feet  each,  by  means  of  crab  winchei. 
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The  large  boulders  met  with  were  raised  by  an  Eade*8  block  (3  tons). 
Work  was  carried  on  night  and  day. 

Remark. — There  would  not  seem  to  be  any  practical  difficulty,  where 
engine  power  for  pumping  is  available,  in  carrying  doYm  a  foundation  in 
this  way  to  any  depth,  provided  the  casing  be  of  strengths  ufficient;  and 
the  expense  need  not  be  unreasonable.  The  Gwynne^s  centrifugal  pump 
worked  admirably  day  and  night  from  10th  February  to  the  5th  May, 
keeping  the  foundation  almost  entirely  dry,  and  got  out  of  order  but 
twice ;  once  when  it  was  chocked  with  chips  of  wood,  and  once  when  the 
leather  of  the  valve  in  the  valve  box  got  destroyed  by  the  iharp  gravel 
which  got  through  the  strainer.  The  nozzle  of  the  pump  was  always 
sunk  2^  feet  below  the  bottom  of  the  excavator,  and  an  open  space  was 
kept  clear  round  the  strainer  by  men  working  with  their  hands.  The 
delay  of  adding  a  fresh  length  of  pipe  is  considerable,  so  it  is  advisable 
in  a  work  of  this  sort  to  have  two  pumps,  so  that  the  pumping  need  not 
be  stopped  while  a  joint  is  being  made.  It  is  a  good  plan,  when  there  is 
but  one  pump,  to  support  the  pump  platform  by  wedges,  screw  jacks,  &c., 
80  that  it  can  be  lowered  (without  stopping  the  pumping  for  long),  a  foot 
or  so  at  a  time  as  the  excavation  proceeds.  The  pumping  engines  were — 
1st,  a  10 -horse-power  portable  Clayton  and  Shuttlcworth ;  2nd,  a  12- 
borse-power  do.  The  belting  was  worked  from  the  large  fly-wheel,  as 
the  revolutions  being  slower  the  bearings  did  not  get  so  hot. 

J.  T.  W. 
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No.  LXXXV. 
BULL'S  PATENT  "OBLONG''  FLAME-KILN. 


On  a  principle  Patented  bj/  W.  Bull,  Esq.,  C.E.,  JRcsident  J?»- 
gineer,  0.  ^  R.  Railway,  Lucknow. 


Li  the  5th  Qiinrtcrlj  nnmber  of  the  "  Professional  Papers  on  Indian  En- 
gineering," 2nd  Series  [No.  XLIX.],  published  in  July  last,  adeacriptioB 
was  giren  of  a  new  form  of  Kiln,  combining  increased  efficiency,  with  great 
economy  of  fuel.  Drawings  of  an  <*  Annular  Kiln  "  for  continuous  firing 
accompanied  the  description,  but  it  was  pointed  out  that  the  system  applied 
equally  well  to  kilns  of  an  oblong  form.  The  circular  form  of  kiln  reqoirei 
a  large  area  for  erection  and  working.  The  oblong  form,  of  which  a  plan 
is  here  given,  will  bo  found  more  suitable  for  places  where  a  large  area  is 
not  obtainable ;  the  principle  of  working  being  the  same  in  both. 

The  arrangement  for  turning  the  comers  is  shown  in  the  plan.  In  the 
square  portion  of  kiln  at  each  comer,  for  firing  which  flues  are  only  ayail- 
able  on  one  side,  they  (the  fines)  are  closed  in  as  high  up  as  possible,  and 
serre  for  the  passage  of  the  draught  into  the  passages  running  at  right 
angles  to  those  in  the  part  referred  to. 

In  practice  it  has  been  found  that  the  open  brick  on  the  top  of  the 
draught  passages  described  in  the  former  Article  is  not  required.  The 
parallel  walls  of  unburnt  bricks  are  therefore  only  closed  in  at  top  hj  a 
single  brick  flat,  on  which  the  thick  layer  of  ashes  or  earth  should  be 
spread. 

A  kiln  of  the  description  here  given  is  capable  of  burning  20  lakhs  of 
bricks  in  one  season. 

Further,  practice  has  proved  that  the  economy,  simplicity  and  certaintf, 
realized  by  burning  bricks  on  this  plan  are  so  great,  that  but  for  the 
apathy  with  which  anything  new  is  treated  in  India,  the  ordinary  style 
of  Flame  Kiln  would  soon  become  a  thing  of  the  past. 

W.B. 
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No.  LXXXVI. 


IVE'S  PATENT  EXCAVATOR. 


By  R.  T.  Ives,  Engineer^  Department  Public  TTorh. 


In  this  Article,  I  propone  to  introduce  to  the  notice  of  the  Ci?il  Eogi^ 
neering  Profession  in  India,  drawings  of  an  Excavator,  which  I  hope  may 
prove  a  aaocessfal  addition  to  the  many  inrentions  now  extant  for  the 
furtherance  of  railway  bridges  and  other  works  in  this  country.  The  in* 
Tention  is  my  own,  and  I  have  the  greatest  satisfaction  in  stating,  that 
the  machine  is  now  in  fall  and  successful  working  in  the  reconstruction 
of  the  Beas  Bridge  Works,  on  the  Bind,  Punjab  and  Delhi  Railway,  and 
meets  with,  I  believe,  the  thorough  approbation  of  the  Engineers  in  charge. 
Thus  it  will  be  seen,  it  is  peculiarly  adapted  to  all  works  of  the  class  of 
heavy  well  sinking  for  railway  bridge  purposes — and  it  can  be  applied  to 
any,  and  all  kinds,  of  excavations,  such  as  '^  deep  foundation  under  water," 
&c.,  &c.  On  this  head  I  ventnre  to  hope  the  druwings  will  be  sufficiently 
explicit. 

I  may  mention  that  from  past  experience  in  well  sinking,  and  heavy 
works  on  the  "  Soane  "  and  *<  Jumna  "  Bridges  of  the  East  India  Rail- 
way, and  also  on  the  works  of  the  Chenab  and  Ravee  Bridges  of  the 
P.  N.  State  Railway,  the  fact  was  forcibly  impressed  upon  my  jnind  that 
the  several  inventions  in  vogue  were  somewhat  insufficient  in  the  working 
out  of  any  substance,  except  sand,  from  the  many  wells  under  construction 
I  may  be  permitted  to  mention  further  (although  I  do  not  desire  to  detract 
from  their  value)  the  invention  I  have  now  the  pleasure  to  note  will  con* 
trast  most  favorably  with  the  working  of  those  of  Messrs.  Fouracree  and 
Bull,  inasmuch  as  their  Excavators  do  not  effect  the  removal  of  such  heavy 
materials  as  clay,  kunkur,  &e.,  from  deep  wells  and  foundations.  It  wa6 
after  ciurefbi  stody  and  experiments  that  I  detennined  npon  the  preseoi 
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plan  and  matnrcd  details  of  the  invention.  It  snccessfally  and  permanently 
removes,  without  difiQcultj,  all  snch  heavy  materials  as  are  mentioned 
above,  and  prevents  the  necessity  of  employing  European  divers  on  sndi 
difficult  work  as  is  experienced  in  deep  well  sinking,  sixty  to  seventy  feel 
under  water.  It  is  this  that  has  induced  me  to  contrive  an  Excavatior  to 
do  this  work  independently  of  divers. 

You  will  perceive  by  the  sketch,  that  this  Excavator  differs  very  mnch  t 
from  all  others  in  entering  the  soil  to  be  removed,  by  avoiding  ill  ^ 
circular  motions  in  trying  to  penetrate  the  clay.  The  blade  of  the  Instni-  > 
mcnt  represents  as  nearly  as  possible  the  blade  of  a  shovel  or  spade  on  { 
a  large  scale,  and  goes  straight  into  its  work,  not  by  the  pressure  of  a  : 
man's  foot  or  shoulders  [as  that  force  is  not  possible  at  the  bottom  of  f 
a  well  seventy  feet  deep,  where  it  is  only  possible  to  a  diver, — ^whose  woik  | 
this  instrument  replaces  to  a  certain  degree — ]  but  by  the  repeated  blowi  ( 
a  heavy  weight,  called  a  cast-iron  monkey,  worked  by  a  line  in  any  poii-  ^ 
tion  above  water.  It  has  been  the  great  desire  of  the  Inventor  to  ton  i 
out  as  simple  an  instrument  as  possible ;  I 

let. — To  avoid  in  the  Excavator  all  springs,  cams,  clutches,  pullies  and  # 
all  such  like  complicated  gear,  so  liable  to  derangement  in  the  hands  of  <  i 
unskilled  labor. 

2nd, — That  the  commonest  field  laborer  should  be  able  to  work  and  un- 
derstand its  action,  and  the  principles  of  the  work  which  is  put  into  hii 
hands  to  perform,  without  the  risk  of  any  damage,  due  to  the  roogk 
usage  that  Natives  generally  give  to  tools  which  do  not  belong  to  them.     | 

Srd, — That  it  should  be  manufactured  and  sold  for  a  small  sum,  so  thai  ' 
any  kind  of  works,  however  limited  the  works  may  be,  could  afford  tlie 
purchase  of  one  or  more  of  them,  even  to  sink  wells  for  common  Distrid 
Road  Bridges,  and  effect  a  saving  in  the  generally  low  estimates  lor 
Buch  work. 

Mode  of  workiko  the  Excavator. 

The  Excavator  lock  at  the  back  is  fint  pushed  into  plaee,  a  light  liai 
is  then  attached  to  the  lock ;  the  blade  being  now  open  or  vertical  irith 
the  monkey  guide  rod,  the  Excavator  is  lowered  to  the  bottom  of  the  wellf' 
where  the  whole  instrument  is  kept  in  an  upright  position  by  the  lowering 
chain  being  kept  slightly  tight  The  monkey  is  now  worked  up  and  doim 
the  centre  guide  rod,  by  the  line  attached  to  it  leading  over  a  pulley  fixid 
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over  tbe  well :  the  monkej  being  allowed  to  fall  of  its  own  graTity,  gifing  a 
sharp  blow  to  the  anvil,  and  driving  the  blade  into  the  clay  at  each  blow :  the 
Bumber  of  blows  required  to  drive  the  Excavator  home  shonid  be  ascer- 
tained by  a  trial  above  ground.  After  this  number  of  blows  have  been 
given,  (with  a  few  extra,  to  allow  for  the  resistance  of  the  water,)  the  lock- 
ing gear  line  is  then  pulled  which  draws  out  the  locking  bolt  and  releases 
the  blade  from  its  vertical  position ;  when  this  has  been  done,  the  lifting 
chain  is  hove  on  by  the  crab,  which  drags  the  blade  out  of  the  clay  with 
its  load,  in  a  position  at  right  angles  with  the  monkey  guide  rod.  The 
blade  now  remains  stationary  in  this  position,  and  the  continual  heaving 
on  the  lifting  chain  brings  the  whole  to  the  top  of  the  well,  when  the 
shackle  at  the  top  of  the  Excavator  catches  a  hook  properly  suspended 
from  the  gallows  to  receive  it,  swings  the  Excavator  over  a  shoot,  and  lets  it 
there  empty  itself,  by  the  blade  again  falling  to  a  vertical  position,  and 
all  strain  being  taken  off  the  lifting  chain.  The  blade  is  now  again  in  a 
position  to  receive  the  bolt  of  the  locking  gear,  which  is  pushed  into  place 
by  one  of  the  men  on  the  well.  This  completes  the  whole  operation  of 
working  this  Excavator,  which  must  be  very  simple  to  all. 

The  Excavator  consists  of  several  pieces  of  the  most  simple  construc- 
tion, allowing  of  any  single  part,  on  becoming  damaged,  being  easily 
removed  and  replaced  by  the  several  spare  pieces  supplied  with  the  ma- 
chine, and  always  kept  on  hand ;  such  pieces  can  always  be  made  while  the 
machine  is  at  work,  in  anticipation  of  a  break  down  at  any  time,  needing 
only  the  stoppage  of  a  short  time  to  change  any  broken  part.  Many 
cast-iron  monkeys  can  be  kept  on  hand  of  various  weights,  and  changed 
to  suit  the  hardness  or  softness  of  the  soils  to  be  excavated. 

The  Excavators  are  made  of  various  sizes :  the  smallest  size  now  in 
use  on  the  Beas  Bridge  of  the  S.  P.  and  D.  Railway  requires  about  five  men 
and  a  mate  to  work  it ;  with  a  single  crab-winch  on  the  top  of  the  well,  it 
will  lift  by  this  number  of  men,  from  one  and  a  half  to  two  cubic  feet  of 
hard  clay  at  every  lift,  or  from  seventy-five  to  eighty  cubic  feet  per  day 
of  twelve  working  hours :  on  some  works  I  have  seen  not  more  than  from 
nine  to  sixteen  cubic  feet  taken  out  in  twelve  hours,  with  fifteen  to  twenty 
men,  so  difficnlt  was  it  to  get  hold  of  the  clay  at  the  bottom  of  the  well 
with  the  tools  supplied  for  the  work. 

The  small  Excavator  is  about  eight  feet  in  length  over  all,  and  weighs 
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from  three  to  four  mannds.  As  well  as  yarioas  sized  monkeys,  there  are 
also  many  blades  of  yarions  shapes  and  forms  supplied  with  the  machine 
for  the  pnrpose  of  fixing  to  it  to  snit  all  sorts  of  day,  kunkor,  shingle, 
saud,  or  any  other  kind  of  substances. 

R.  T.  I. 
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ADDIS'  SINGLE-RAIL  TRAMWAY. 


The  Frontispiece  represents  one  of  Addis'  Patent  Carts  on  his  Single 
rail  Tramway,  as  in  nse  at  Bombay  and  elsewhere.  A  tramway  on  this 
system  can  be  laid,  on  which  one  pair  of  bullocks  can  draw  a  load  equal  to, 
or  exceeding,  that  which  three  pairs  oan  draw  upon  an  ordinary  metalled 
road ;  while  the  cost  of  the  tramway  need  not  exceed  that  of  the  ordi- 
nary road. 

Mr.  Addis  patented  his  "  Cart  and  Wheel "  in  1868 ;  and  in  1869  they 
were  tried  and  favorably  reported  upon  by  the  Bombay  Commissariat 
Department.  In  the  report  on  the  Akola  Exhibition  they  were  thus 
described : — 

<'  Certainly  one  of  the  most  useful  models  in  this  room  was  <  Addis' 
Patent  Cart  and  Wheel.'  It  comprises  two  essential  points,  first  the 
wheels  are  formed  of  segmentary  parts  of  wrought-iron,  circumferenced 
by  felloes,  and  tired  in  the  usual  manner ;  the  nave  is  flush  with  the  spokes, 
thus  lessening  the  risk  of  collision.  Among  the  advantages  possessed  by 
this  invention,  the  wheel  is  calculated  to  be  durable,  and  easier  of  con- 
struction. The  two  axles,  six  inches  in  length,  work  in  journals,  and  are 
easily  arranged  in  case  of  damage.  Another  palpable  advantage  is  that 
the  pole  is  so  arranged  as  to  admit  of  the  cart  being  drawn  back  without 
the  necessity  of  turning,  while  it  can  be  wholly  withdrawn,  passed  through 
the  centre  of  the  box,  in  the  body  of  the  cart  which  contains  a  tent,  and 
used  as  a  tent-pole,  while  the  platform  can  be  used  for  sleeping  on  in 
swampy  localities.  The  exigencies  of  the  Abyssinian  Expedition  prompt- 
ed this  invention." 

Mr.  Addis  has  made  several  varieties  of  carts  for  military,  sporting, 
and  other  purposes,  some  being  filled  with  bell^shaped  tents :  also  as  road 
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watering  carts,  night  soil  carts  ;  the  prices  at  Tanna,  near  Bombay,  rang 
ing  from  Rs.  150  to  Rs.  850. 

The  system  of  *'  One-rail  Railway,"  is  now  coming  into  use  in  Europe 
A  railway  on  Larmenjat's  system,  has  been  introduced  into  Lisbon,  when 
it  nms  on  a  single  rail  along  the  common  thoroughfares.  In  the  (Lon 
don)  Public  Opinion,  of  24th  August,  1872,  the  following  notice  of  thi 
principle  occurs : — 

"  The  importance  of  an  extremely  cheap  system  of  railway,  capable  a 
providing  outlying  districts  with  better  means  of  reaching  the  existing 
lines,  and  of  facilitating  transit  in  towns,  has  long  been  recognised  bj 
Engineers,  and  it  appears  that  such  a  system  has  now    been  devised 
M.  Larmenjat  has,  reports  the  Mining  Journal,  just  laid  down  at  the 
Place  du  Roi  de  Rome,  at  the  Trocadero,  Paris;  his  one-rail  railway,  and 
La  Houille  announces  that  the  official  experiments  on  Thursday  wen 
highly  satisfactory.     The  invention  appears  to  be  identical  with  those  oi 
Mr.  Addis,  an  English  Engineer  practising  in  India,  which  was  described 
a  few  years  since.     The  Locomotive  weighs  four  tons,  and  has  two  wheeli 
running  bicycle-fashion  on  the  rail,  two  other  wheels  in  tho  usual  position, 
and  with  caoutchouc  tyres  running  on  the  roadway.     The  Engineer  cao 
throw  the  weight  on  the  rail-wheels  or  road-wheels,  at  pleasure,  the  latter 
increasing  the  bite,  and  facilitating  the  ascent  of  an  incline  ;  there  is  1  in  83 
on  the  trial  line.     The  rail  weighs  about  7  kilos,  to  the  metre  (15  fi>s.  to 
the  yard),  and  does  not  rise  above  the  roadway.     A  speed  of  8  to  1 1  miles 
an  hour  is  attained,  the  motion  is  smooth  and  pleasant,  and  no  difficulty  is 
experienced  in  turning  very  sharp  curves,  the  two  loops  at  the  ends  of  the 
line  (which  is  about  a  quarter  of  a  mile  long)  for  permitting  the  train,  con- 
sisting of  the  engine  and  8  carriages,  to  change  its  position  ready  for  the 
return  journey  affording  a  very  severe  test." 
The  following  is  the  Patentee's  specification : — 

This  invention  has  for  its  object  the  laying  down  of  a  Single  Rail 
on  any  existing  Road  or  any  Road  made  specially  for  the  purpose  of  a 
Tramway. 

I  first  form  a  single  rail  for  my  line,  making  use  of  any  existing  nul 
either  of  steel  or  iron,  and  of  any  size  or  description.  This  rail  to  be 
ballasted  up  to  the  level  of  the  road. 

It  is  purposed  to  run  upon  Ihis  line  vehicles  of  every  kind  and  descrip- 
lion,  constructed  after  the  ordinary  ones  now  in  use.  with  an  additional 
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wheel  or  wheels,  yarjing  with  the  length  of  the  yehicles.  This  same 
wheel  or  wheels  to  be  attached  to  the  bottom  of  the  platform  of  frame- 
work of  the  yehicles,  and  to  be  flanged  on  both  sides  in  order  to  preyent 
any  moying  oS  the  rail. 

The  yehicles  themselves  will  haye  two  or  more  wheels,  which  will  ran 
on  the  road  on  either  side  of  the  rails,  while  the  centre  double  flanged 
wheel  or  wheels  mn  on  the  rail.  These  wheels  work  on  a  swiyel  at- 
tached to  a  screw,  in  order  to  raise  or  lower  the  body  or  framework  of 
the  yehicles  above  the  surface  of  the  ordinary  road  on  either  side,  so  that 
the  whole  of  the  weight  of  the  vehicles  and  their  contents  would  rest  ott 
the  rail,  and  their  balance  would  be  supported  on  either  side  by  their 
own  ordinary  wheels. 

The  centre  double  flanged  wheel  or  wheels  will  have  further  attached 
to  them  springs  on  either  side  in  order  to  prevent  jarring  and  jolting,  and 
to  give  them  a  fair  amount  of  play  to  suit  the  irregularities  of  the  road, 
which  would  naturally  tell  upon  the  ordinary  wheels  of  the  vehicles. 

The  yehicles  can  be  worked  over  the  proposed  tramway  either  by  steam 
or  cattle  power. 

A  model  of  the  above  invention  can  be  seen  at  the  Bombay  Chamber 
of  Commerce. 

The  Patentee  claims  for  his  invention  the  following  advantages  :^ 

Ist, — It  can  be  laid  down  on  one  or  both  sides  of  any  existing  road  at 
a  distance  of  from  three  to  four  feet  from  the  edge  of  the  road. 

2nd. — Where  no  road  exists,  it  can  be  laid  down  yery  well,  and  quite 
good  enough  for  ordinary  traffic,  by  ballasting  a  strip  eighteen  inches  wide, 

3rd. — It  can  be  laid  down  very  rapidly :  forty  men  can  lay  a  mile  of  it 
down  per  day  with  the  greatest  ease. 

Ath, — It  is  very  cheap :  the  cost  on  an  existing  road,  including  rails, 
sleepers,  nails,  being  not  more  than  Rs.  6,220*  per  mile,  as  per  estimate 
attached.  The  cost  on  a  road  to  be  made  on  purpose  would  be  very  little 
more,  the  extra  expenditure  being  necessary^  on  account  of  the  little  bal- 
lasting noticed  above. 

bth. — The  cost  of  a  trutk  is  Rs.  325,  exclusive  of  carriage  to  site  of 
tramway. 

6tk, — Upon  the  tramway  a  single  pair  of  bullocks  can  draw  from  four 
to  six  times  as  much  as  in  a  common  cart  on  an  ordinary  road. 

•  Fbr  a  *«  Wooden  Bloeper"  line,  Be.  MM. 
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7ih,^lt  does  not  interfere  more  than  to  the  very  slightest  ezt 
the  ordinary  traflSc. 

8<A.^Shoald  it  get  out  of  repair,  the  most  ordinary  Tillage  v 
can  pnt  it  to  rights :  should  the  tracks  also  get  out  of  order,  t 
thing  is  tme. 

dth, — It  can  accommodate  itself  to  the  sharpest  cnrves  erer  x 
in  ordinary  roads,  and  eyen  in  those  which  would  be  met  wit] 
streets  of  a  town. 

Sketches  and  estimates  of  a  tramway  laid  with  either  iron  ox 
sleepers  are  appended. 

Section  of  Single-headed  rail    Scale  one-fourth. 
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The  aboTe  is  calculated  to  be  constructed  on  any  existing  road.*  The  cost  of  main- 
tenance on  this  system  will  be  one-third  that  of  a  Wooden  Sleeper^Line. 

Section  of  Foot-rail  with  Wooden  Sleeper.    Scale,  one-fourth. 
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W.  J.  A. 

•  To  this  ax&otfnt  most  be  addod  the  caniase  ot  matalals  from  Bombay  to  site  of  tnunway. 
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PORTLAND  CEMENT  AT  KURRACHEE. 


By  W.  H.  Price,  Esq.,  if.  Inst.  C.B.y  Superintendent,  Kurrackee 
Harbour  Works. 


Manora,  6th  July,  1973. 
The  following  table  gives  the  weight,  bulk,  and  density  of   Portland 
Cement  from  three  different  manufacturers  as  despatched  from  England, 
and  as  found  in  India  at  Kurrachee,  after  periods  yarjing  from  nine  to 
eighteen  months. 

Six  casks  of  each  consignment  experimented  on  were  carefully  weighed, 
and  their  gross  weight  noted,  the  average  was  ascertained  (the  weights 
varied  very  slightly),  and  the  cask  which  came  nearest  to  this,  was  selected 
for  trial.  The  cask  was  then  opened,  and  the  cement  carefully  weighed,  and 
measured,  the  contents  being  shovelled  as  lightly  as  possible  into  the 
measure,  and  ''  striked."  The  weights  as  despatched  from  England  were 
ascertained  from  the  invoices,  and  the  densities  from  Mr.  Parkes,  the 
Consulting  Engineer,  who  tested  the  cement  before  shipment. 

It  will  be  observed  that  the  weight  had  increased  in  the  interval  in 
proportions  varying  from  ^  to  4^  per  cent.,  and  the  bulk  from  4  to  12^ 
per  cent.,  while  the  density  (deduced  from  the  two  former),  had  decreas- 
ed in  proportions  varying  from  1^  to  9  J  per  cent.  The  greatest  increase 
of  weight  was  in  the  lightest  cement  (White  Brothers),  and  the  greatest 
increase  in  bulk  was  in  the  heaviest  (Knight,  Bevan  and  Stnrge),  which 
also  shows  the  greatest  decrease  in  density. 

It  is  believed  that  the  changes  in  question  were  caused  by  moistare 
taken  up  from  the  air  on  the  yoyage^  and  in  keeping  in  India. 
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This  supposition  is  confirmed  by  the  fact,  that  in  making  sample 
specimens  into  mortar  for  trial  here,  the  proportion  of  water  foand  requi- 
site was  less  than  had  been  used  by  Mr.  Parkes,  the  Consulting  Engineer, 
in  making  up  similar  specimens  with  the  fresh  cement  in  London,  the 
bulk  of  water  and  cement  haying  been  in  both  cases  carefully  measured. 

The  heayier  cement  as  containing  more  lime  was  naturally  the  more 
liable  to  swell  under  the  influence  of  moisture. 

The  ''air  slaking"  thus  undergone,  does  not  appear  to  have  been 
injurious,  but  rather  on  the  contrary  to  haye  been  beneficial,  especially  in 
the  case  of  the  heayier  cements.  This  has  been  shown  by  the  behar- 
iour  of  the  cements  in  extensiye  use.  Thus  the  concrete  blocks  for  the 
Manora  Breakwater,  each  27  tons  in  weight,  and  containing  83^  cwt.  (Eng- 
lish weight)  of  cement,  (the  other  materials  being  sand,  shingle,  quarry  lumps, 
and  salt  water,)  were  frequently  lifted,  conyeyed  on  trucks,  and  set  in 
the  work  in  a  month  from  the  time  of  making. 

On  one  occasion  a  block  was  set  in  ten  days  from  the  time  of  making. 
The  cements  were  ail  found  to  stand  the  yoyage  and  keeping  in  India 
yery  well,  though  without  any  special  precaution,  haying  been  packed  in 
the  ordinary  fir  casks  (which  when  emptied  were  used  as  fuel),  and  the 
storage  sheds  being  merely  adopted  to  keep  off  rain  and  dew.  Thus  out 
of  a  number  of  18,809  casks  used  up  to  the  present  time,  only  40  casks  or 
^th  per  cent,  were  found  unfit  for  use,  the  damage  haying  been  canaed 
by  leakage  on  board  ship. 

The  cost  of  the  cement  per  ton,  landed  and  stored  at  Eurrachee  was 
from  Rs.  88-3-0  to  Rs.  44-15-0  per  ton.  The  yariation  was  chiefly  in  the 
height,  the  three  kinds  of  cement  costing  much  the  same  in  England,  or 
from  425.  6d.  to  45«.  per  ton,  including  cost  of  casks,  the  lowest  being  the 
Wouldham  Company,  and  the  highest  White  Brothers.  This  was  before 
the  rise  in  price,  which  took  place  last  year,  owing  to  enhanced  cost  of  foei. 
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Portland  Gbmbnt. 

Weight,  balk,  and  density,  as  despatched  from  England,  and  as  fonnd 
in  India  at  Kurrachee,  after  periods  of  from  nine  to  eighteen  months. 


Name  of  Manafactnrer,  and  date  of  despatch 
from  England  and  trial  in  India. 
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Nett  weightjCOBk,  shorel 


of  cement  in 
one 
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Despatched  27th  Jane,  1870,     ..         ••         396 
Tried  8th  September,  1871,       ..         ..         402 

Increoie  per  cent ,        • .  1| 

Decrease  do.. 

Despatched  15th  December,  1870,        ..         396 
Tried  8th  September,  1871,       . .         . .         898 

Increase  per  cent. 
Decrease  do,, 

Wouldham  Company. 

Despatched  21  st  April,    1870,  ..         ..         448 
Tried  7th  September,  1871,        . .        . .         469 

Increase  per  cent,       , .  2\ 

Decrease  do.. 

Despatched  4th  Angust,  1870,  . .         ..         446i 
Tried  7th  September,  1871,       ..        ..         459 

Increase  per  cent,        ••  2f 
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White  Brothers. 

Despatched  2l8t  Febrnary,  1870,         . .         869^ 
Tried  7th  September,  1871,       . .        . .         886 
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No.  LXXXIX. 

THE  BBEEKS*  MEMORIAL  SCHOOL  AT  OOTACAMUND, 
NILAGIERIES,  MADRAS  PRESIDENCY. 

iVide  FlateB  XLVIL  to  XUX.] 


Desiffned^Curs.  J.  L.  L.  Morant,  R.E.^  A.LCK  a»i  F.R.O.S. 


J.  W.  Breeks,  Esqnire,  of  the  Madras  Ciyil  Service,  who  wae  PriTata 
Secretary  to  the  late  Sir  William  Denison,  R.E.,  (Gtovemor  of  Madras,) 
and  one  of  whose  daughters  he  married,  was  appointed  Commissioner  of  the 
Kilagirri  Hills  in  August  1868.  He  suddenly  died  in  June  1872,  after 
an  ahle  administration  of  nearly  four  years.  His  loftiness  of  charactery 
beneyolence  of  disposition,  and  consideration  for  others,  endeared  him 
to  all  classes.  It  was,  therefore,  resolved  to  raise  hy  subscription  a  suit- 
able memorial  to  his  name.  This  took  the  form  of  a  School,  the  design 
for  which  is  herewith  submitted  to  the  readers  of  "  Indian  Engineering.*' 
The  building  is  in  progress  and  one-half  finished.  Its  chief  stone  was 
laid  with  considerable  ceremony,  by  the  Hon'ble  J.  D.  Sim,  C.S.L,  on 
the  16th  of  May,  1873.  The  structure  will  be  completed  in  1878.  Its 
details  are  of  late  English  Qotbic.  It  consists  of  a  school-room,  50  feet  by 
16  feet  (with  an  oriel  window  4  feet  deep) ;  of  two  class-rooms  10  feet  by  10 
feet,  of  a  closed  porch  for  hats  and  coats  6  feet  by  6  feet,  of  a  belfry  with  a 
circular  staircase,  and  of  an  underground  chamber  for  firewood,  &c.  The 
walls  are  of  pressed  machine  bricks  and  mortar.  Granite  is  used  for  the 
sills  of  the  windows,  for  the  labels  and  socles  of  the  square  headed  doors 
and  windows,  and  for  the  corbel  tables,  of  the  tower,  of  the  turret,  and  of 
the  oriel  window.  The  exterior  is  to  be  neatly  tuck-pointed,  and  the  in- 
terior to  be  plastered  with  polished  shell  lime* 
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All  the  angles  of  the  building  and  the  jambs  of  the  windows  are  splij^ 
ed.  The  floors  are  to  be  of  teak  wood,  and  are  rentilated  under  themn 
and  dwarf  walls  with  perforated  bricks.  A  layer  of  coal  tar  and  asphihe 
(one  of  former  to  six  of  latter,)  mixed  with  a  little  clean  sharp  sand  hu 
been  placed  o?er  the  top  brick  coarse  of  the  basement  to  prerent  dtns^ 
rising  np  the  walls.  The  roof  of  the  main  bnilding  is  of  cormgated  irea 
laid  oyer  teak  wood  frames,  the  whole  being  well  bolted  together  and  'nto 
the  brickwork.  Ventilation  in  the  ridge  and  throogh  lonrred  dormeis  is 
proyided.  The  whole  is  capped  by  ornamental  wronght-ircMi  ridge  cresU 
ing,  and  with  wronght-iron  terminals  procured  from  England.  The  wA 
of  the  bell  tower,  and  of  the  staircase  tnrrets  are  vallej-baeked,  and  of 
stamped  ornamental  zinc  work,  procured  from  Holden  and  Co.  of  London 
The  whole  of  the  roofs  are  to  be  coated  internally  with  Leroy'^s  compositioi, 
and  then  to  be  body  colored  and  picked  out  with  stencilling.  The  circa- 
lar  staircase  is  of  iron.  The  doors  and  windows  are  of  teak.  The  low- 
est sashes  of  all  the  windows  are  to  be  glazed  with  corrugated  glass,  to 
prevent  the  attention  of  the  scholars  being  disturbed.  All  the  exterior 
woodwork  will  be  coated  with  Carson's  paint,  and  aQ  the  interior  will  be 
payed  over  with  linseed  oil.  The  chimney  stacks  are  to  be  of  tena  cotta 
The  side  walls  are  to  be  externally  ornamented  with  10  terra  cotta  medil- 
lions  (li  feet  outside  diameter),  with  the  Breeks'  coat  of  arms  and  mono- 
gram (J.  W.  B.)  in  bold  relief,  alternately.  On  the  exterior  of  eadi  of 
the  two  chimney  breasts,  are  to  be  inserted  a  large  terra  cotta  medaUion, 
(2^  feet  outside  diameter,)  with  Mr.  Breeks'  profile  raised  in  bold  reliet 
All  the  terra  cotta  has  been  procured  from  Doulton  &  Co.  of  LambetL 

A  memorial  plate  is  to  be  inserted  over  the  door  leading  into  the  school- 
room within  the  porch. 

The  building  will  cost  Bs.  9,437. 

A  bill  of  quantities  is  appended. 
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Plssteriog,  interior, 1,676 

Pointing,  exterior, • IfiGO 

Teak  flooring, 886| 

Cat  granite  for  floor  of  porch  and  steps, 43 

Doors  and  windows,  complete ••  288| 
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stamped  ornamental  zinc  work,  complete,         693 
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No.  XO. 

THE  TANS  A  PROJECr^  FOE  ''THE  WATER-SUPPLY 
OP  BOMBAY-" 

[Fiie  Plates  L.  to  UV.] 


By  Major  Hector  Tulloch,  R.E. 


The  podiion  and  extent  of  the  Tansa  Valley  will  be  best  gathered  bom 
the  map,  (vide  Index  Map  in  No.  LXXVHL,  Professional  Papers,  Seeond 
Series).!  Its  basin  is  considerably  larger  than  that  of  any  other  valley 
in  which  a  reservoir  ooold  be  formed.  The  Yehar  Valley  contams  little 
more  than  ax  square  miles*-tfae  Kamun  not  more  than  twenty ;  even 
Shewla  contains  bat  twenty ^five ;  whfle  the  Tansa  watershed  has  an  area 
of  forty-five  square  miles.  Its  position  for  a  gigantic  scEeme  is  most  Ad- 
Tsntageous.  In  addition  to  the  water  falUng  on  its  own  gathering  ground| 
a  supply  could  be  obtained  from  the  two  great  riverSi  the  Vathuma  and 
the  Bhatsa,  between  which  the  Tansa  Valley  lies.  These  two  riverSi 
moreover,  are  flowing  for  several  months  after  the  monsoon  ceases,  ao 
that,  practically,  there  is  no  limit  to  the  quantity  of  water  to  be  ob- 
tained. 

Besides  its  extensive  area,  the  Tansa  Valley,  situated  as  it  is,  dose  to 
tiie  Western  Gh&ts,  has  a  rionfaU  considen^ly  greater  than  that  of  the 
Tehar,  on  which  our  calculations  have  hitherto  been  based.  In  1871 
firhen  the  monsoon  Med),  while  89  inches  only  fell  at  Vahar,  70  inchea 

*  I  hate  placed  thla  before  the  Kamtm  Project,  in  older  dcA  to  npante  it  tram  UMotbttliigli 
evelachanes. 

t  It  would  luYo  btxn  alwurd  to  miU^c  a  ?iHx:Ul  suiyey  of  w  U^ 
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fell  at  Atganm,  the  railway  station,  4  miles  from  the  lake,  and  75  inches 
fell  at  Khnrdee,  the  railway  station  at  the  head  of  the  Talley.  If  we 
remember,  moreoyer,  that  on  the  Gh&ts,  only  a  dozen  miles  to  the  wcsl  of 
Khardee,  the  fall  is  300  inches  per  annam  (t.  e.,  two  hundred  per  cent,  in 
excess  of  the  rainfall  at  Yehar)  and  occasionally  eyen  more  than  this,  we 
shall  not  be  making  any  extraordinary  assumption  if  we  take  the  rainfall 
in  the  Tansa  Valley  to  be  33  per  cent,  only  in  excess  of  that  at  Vehar, 
or  say  136  inches.*  The  quantity  of  water  flowing  off  the  Vehar  gather- 
ing ground  has  been  assumed  to  be  54  inches  out  of  the  total  rainfall  of 
102  inches.  At  the  same  rate,  the  quantity  of  water  flowing  off  the 
Tansa  ground  would  be  exactly  six  feet.  If,  then,  the  average  area  of  the 
waterspread  be  taken  as  6  square  miles,  the  total  quantity  of  water 
obtunable  from  the  Tansa  Valley  will  be  as  follows  :— 

3,840  acrc8  x  4,840  X  9  X  IH  X  BJ  ..        =     11,848,320,000 

24,960  acres  x  4,840  X  9  x  6  x  CJ  ..        =    40,772,100,000 

52,620,480,000 
Deduct  for  evaporation — 

3,840  acres  x  4,840  X  9  X  2i  x  6J  ..        ..         =      2,613,600,000 


60,006,880,000 
Dedact  ird  for  onaccountable  waste,        16,668,960,000 


83,337,920,000 
which  is  equal  to  more  than  90  million  gallons  daily — more  than  140 
gallons  per  head  per  diem  for  the  present  population,  and  more  than  20 
gallons  per  head  per  diem  for  two  years  for  2,000,000  people. 

Enormous  as  this  quantity  of  water  is,  the  dam  to  impound  it  need 
not  be  exceedingly  high.  A  reference  to  the  Table  on  Plate  L.  will 
show  that  the  surface  of  the  lake  would  be  at  420*00  on  datum.  Now 
the  bed  of  the  stream,  which  stands  at  298*00  on  datum,  is  solid  rode  of 
the  best  description,  and  it  will  be  unnecessary  to  go  lower  than,  if  so 
low  as,  295*00  on  datum  to  secure  the  firmest  foundation.  If  then  we 
suppose  the  dam  to  be  fiye  feet  higher  than  the  surface  of  the  water,  its 
total  height  would  be  (425—295  or)  130  feet.  But  it  would  be  many 
years,  perhaps  generations,  before  such  a  large  quantity  of  water  would 


•  In  1871,  S9  InobM  fdl  at  Vehar,  and  thi4  qnaotity  is  only  little  mora  than  one-third  the  i 
ndnftdl— Tlx.,  109  inches.  On  the  sappoeltion  that  the  average  rainfall  in  the  Tanaa  Vallej  bean 
the  aame  proportion  to  the  aetoal  rainfaU  in  1871  as  the  average  rainfaU  at  Vehar  beus  to  tbeao- 
taal  rainfaU  tboe  in  1871,  the  aTerago  rainfall  in  the  Tanaa  Valley  ought  to  bo  183  inches.  I  prefer, 
howoTcr,  to  boM  my  calonlalioni  on  modento  data. 
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bo  rcqnired,  and  alihoagb  I  have  shown  what  the  nltimate  height  of  the 
dam  may  be,  the  height  when  it  is  first  built  need  not  exceed  95  feet. 
Even  such  a  dam  would  impound  9,000  million  gallons  yearly,  or  say  25 
million  gallons  daily,  or  20  gallons  per  head  per  diem  for  the  present 
population  for  two  years.  It  would  be  no  use  to  think  of  storing  a  three- 
years'  supply,  as  9,000  million  gallons  are  only  a  small  fraction  of  the 
average  rainfall,  so  that  this  quantity  of  water  would  probably  be  received 
even  in  years  when  what  are  termed  failures  of  the  monsoon  occurs,  but 
when,  in  fact,  the  monsoon  does  not  really  fail  altogether,  but  merely 
gives  a  supply  of  perhaps  a  third  or  a  half  of  its  usual  one. 

The  Tansa  Dam,  as  will  be  seen  by  Plate  LI.,  will  be  a  long  but  not 
an  expensive  one.  The  portion  of  it  which  must  be  high  (and  this 
is  the  important  point)  would  be  very  short,  as  the  hills  rise  suddenly 
to  an  elevation  on  one  side  of  seventy,  and  on  the  other  of  ninety  feet.* 
With  the  exception  of  the  Toolsee  Dam,  the  Tansa  has  the  most  favora- 
ble section  of  all  the  main  dams  yet  proposed.  I  would  have  the  dam 
of  one  uniform  section  throughout,  and  that  section  to  be  the  one  de- 
signed by  Mr.  Rankino.  The  long  low  part  would  give  ns  a  surplus 
ofstability,  f  and  in  the  highest  part  wo  should  have  abundance  of 
strength. 

I  would  pass  the  surplus  water  over  the  low  part  of  the  southern  end 
of  the  dam,  which  would,  in  fact,  become  the  waste  weir.  The  water 
would  easily  find  its  way  back  into  the  river  lower  down  in  the  valley  by 
another  course.  It  would  also  be  passed  over  the  northern  end  of  tho 
dam  if  considered  desirable.  The  waste  weir  for  the  Tansa  Reservoir 
will,  therefore,  cost  nothing. 

Plate  LII.  illustrates  the  method  proposed  for  drawing  the  water 
from  the  Tansa  Lake.  The  designs  are  for  a  tower  of  about  the  great- 
est height  to  which  one  could  practically  be  built,  and  for  the  largest 
quantity  of  water  which  could  ever  be  required  for  a  town.  The  principle 
may  be  applied  to  the  Kennery,  or  Ewoor,  or  any  other  scheme  involving 
a  deep  lake.  The  reader  is  aware  that  I  do  not  propose  to  raise  the 
Tansa  Dam  at  first  to  about  390*00  feet  on  datum  (the  dam  being  95 

*  Thoso  who  have  ncfTer  hod  occasion  to  tako  ont  the  quantities  of  masonry  in  dams  of  different 
sections,  wonld  be  snrpriiied  to  And  how  ronch  depends  on  the  length  of  tho  high  portion.  A  dam  a 
mUe  long  and  80  feet  high  will  not  cost  more  than  a  dam  one-tenth  of  its  length  if  the  latter  is  lOO 
feet  hifrh. 

t  Vide  paragraph  22  of  Appendix  B.,  No.  LZVUI.,  Professional  Papers,  Second  Scries.  If,  ia- 
dced,thc  whote  of  this  Artlclo  is  studied,  thfi  force  of  mj  rocommcrolation  will  tee  botte  apyretliUd. 
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feet  high),  nor  eyentoolly  to  above  425*00  on  datum  (the  dam  being  130 
feet  high).  The  problem  to  soke  is  of  a  yery  special  nature,  and  tfaii 
will  acconnt  for  the  novel  featores  of  the  design.  We  have  to  dnnr  a 
large  quantity  of  water  ander  a  great  head,  and  to  depriye  the  water  id 
its  head  <U  once,  so  that  it  shall  flow  off  into  a  channel  withont  pressors. 
To  draw  water  under  a  great  head  by  a  pipe  is  easy  enoagh,  bat  the 
difficulty  consists  in  starting  it  in  a  masonry  conduit  without  any  head  at 
all.*  In  order  to  effect  this,  I  propose  to  make  use  of  the  power  which  a 
smaller  Yolnme  of  water  possesses  to  diffuse  its  pressure  when  diaehaiged 
into  a  much  larger  volume.  I  propose  to  draw  the  water  by  large  pipes, 
terminating  with  their  months  turned  upwards  m  the  bottom  of  a  deep 
enclosed  basin.  The  stream  will  issue  with  considerable  force  into  this 
reservoir,  but,  meeting  the  resistance  of  a  great  body  of  water  above  it, 
the  pressure  will  be  diffused,  and,  as  by  regulating  the  sluices,  no  more 
water  will  be  permitted  to  enter  the  basin  than  it  is  desirable  that  the 
channel  should  convey  away,  the  level  of  the  water  in  the  basin  will  be 
always  kept  at  one  level.  If  it  is  considered  advisable  afterwards,  arrange- 
ments may  be  made  for  straining  the  water  between  the  basin  and  Ihe 
other  channeLf 

Instead  of  towers  for  drawing  off  water,  standing  in  the  middle  of  a 
lake,  which  it  is  so  difficult  to  keep  water-tight,  and  from  which  it  is  im- 
possible, after  the  works  have  once  been  completed,  to  increase  the 
Bapply,:^  I  am  satisfied  the  proposed  method  will  be  found  more  satisfac- 
tory. It  is,  in  fact,  the  method  submitted  by  me  to  the  Bench  in  1870, 
for  drawing  off  water  from  the  Toolsee  Lake,  but  the  design  is  modified 
to  suit  it  to  any  amount  of  pressure,  and  to  the  water  flowing  off  in  a 
channel  instead  of  in  a  pipe. 

A  spot  on  the  margin  of  the  lake,  where  the  rock  is  of  a  sound  deserip- 

*  I  am  not  aware  of  any  instance  whore  a  largo  qnantity  of  water  Ib  drawn  under  tbeee  peeoUar 
oonditionB,  nor  do  I  know  of  any  work  on  hydraulics  which  troata  of  this  question. 

In  the  Glasgow  Water  Works,  when  the  water  in  Loch  Katrine  stands  at  eren  its  raised  lev«I, 
fhe  aTerago  pressure  with  which  it  issues  into  the  channel  is  but  10  feet,  and  at  low  water  the  pim 
lore  is  as  little  as  4  foot.  But  we  have  to  deal  with  a  pressure  of  from  25  to  80  or  even.  100  feed 
dependent  upon  which  project  the  Bench  decide  upon  and  up  to  what  level  it  is  determined  to  Im- 
pound water  in  the  particular  reservoir  which  is  approved. 

t  This  is  not  shown  in  Plate  LII.,  but  any  one  can  see  how  easily  it  oould  be  accomplished  bj  pat- 
ting ganse  strainers  over  the  moutlis  of  the  channels. 

X  This  is  our  great  difficulty  at  Yehar.  We  cannot  lay  down  a  second  pipe  from  the  tower,  awl 
we  arc  entirely  dependent  on  ihe  security  of  a  single  main  running  under  Uie  dam.  If  anytlilag 
happens  to  this,  a  state  of  things  frightful  to  contumplatu  wonU  follow.  Vide  not«  to  paga  Ml 
Of  Xo.  LXSYIL,  PiofOwional  Papers,  Swoud  SorWe. 
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tion,  should  be  selected,  and  the  tower  should  be  built  into  the  rock,* 
and  be  of  a  semi-circular  form,  so  that  the  pressure  may  be  thrown  on 
the  hill.  The  thicker  the  masonry  of  the  tower  the  better,  so  that  it  may 
resist  the  creeping  effect  of  the  water.  From  the  bottom  of  this  tower  a 
tunnel  should  be  driyen  of  such  dimensions  as  will  admit  of  the  number  of 
pipes  that  may  ultimately  be  required,  being  laid  in  it.  Over  the  mouths 
of  the  pipes  which  draw  the  water  from  the  lake  into  the  tower,  fine  gauze 
strainers,  similar  to  those  in  use  at  Yehar,  may  be  used. 

The  advantages  of  the  system  are  obrions.  The  supply  could  be  in- 
creased at  any  future  time  by  laying  down  another  pipe— or  any  number 
of  pipes — between  the  tower  and  the  basin  from  which  the  channel  starts. 
If  a  pipe  in  the  tunnel  were  to  burst,  or  repairs  of  any  kind  had  to  be 
carried  out,  all  that  would  be  necessary  would  be  to  dose  the  mouths  of 
the  inlets  in  the  lake,  and  to  let  the  tower  empty  itself.  Workmen  could 
then  descend  to  the  bottom,  or  into  the  tunnel,  and  do  what  might  be 
required. 

In  Plate  LIT.  the  towers  are  in  duplicate.  This,  although  not  neces- 
sary, would  be  the  most  convenient  arrangement  Of  course,  the  sizes 
and  the  number  of  pipes  must  be  modified  to  suit  the  particular  case. 
That  which  I  have  dealt  with,  is  perhaps  the  most  difficult  that  would 
ever  occur  in  water-works  for  the  supply  of  a  town.  The  pressure 
of  the  water  is  as  much  as  120  feet,  which  is  not  likely  to  be  met  in  prac- 
tice, and  the  pipes  are  4  feet  in  diameter,  and  capable  of  delivering  an 
enormous  supply. 

From  the  Tansa  Lake  I  would  bring  the  water  to  the  proposed  Kooria 
Bescrvoir,  partly  by  channel  and^partly  by  iron  pipes.t  I  say  ''partly," 
because  the  case  is  different  to  that  of  the  Kennery,  Toolsee,  or  Ewoor 
Schemes.  In  these  the  features  of  the  country  admitted  of  a  channel  or 
tunnel  being  carried  to  Kooria  with  hardly  any  break  on  the  line,  but  in 
the  case  of  the  Tansa  it  must  be  remembered  that  the  lake  is  more  than 
50  miles  from  Bombay,  and  there  is  no  continuous  range  of  hills  extend- 
ing from  the  reservoir  to  Salsette.  There  are  several  ranges  most  oon- 
yeniently  situated  for  our  purpose,  but  there  are  gaps  between  them,  and, 
to  get  the  water  from  a  channel  on  the  top  of  one  range  into  a  ehannel  on 

•  Thills  not  ilumnM  clearly  MocmM  be  widwd  in  tlitM*,lNifettiiT«7M0^^    Tterook 
in  the  Tuim  tsU^  ia  thorooghly  aoand. 

t  ri4U  Index  lUp  in  Ho.  LXZVm.,  FroCairionia  Pipvi,  Beooad  8«iM,  «m1  PUUm  UQ. 
and  LIT. 
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the  top  of  the  next,  we  should  be  compelled  to  cross  the  yalley  between. 
This  could  only  be  done  by  carrying  the  water  under  pleasure  in  pipei 
laid  across  the  Talley,  or  by  rook  syphons  which  I  will  sappose  may  prori 
nnsnccessful.  An  accurate  survey  of  the  entire  line  from  the  Tansa  to 
the  Koorla  Reservoir  has  been  made,  and  a  section  of  it  is  giren  in 
Plates  LIII.  and  LIV.,  from  which  it  may  be  gathered  that,  altogether, 
about  29^  miles  of  channel  and  15  miles  of  pipes  would  be  required.  I 
think  one  foot  a  mile  a  good  slope  for  the  former,  and  five  feet  a  miii 
about  the  best  relative  one  for  the  latter.*  On  these  data,  the  total  fall 
of  the  entire  line  will  be  (29|  feet  -f  15  X  5  feet  =)  104^  feet,  so  that 
at  whatever  level  the  water  may  start  flowing  from  the  Tansa  Lake,  it 
will  reach  the  Koorla  Reservoir  104^  feet  below  that  level. 

The  water  might  be  drawn  from  the  Tansa  Lake  at  as  low  as  SBO-OO 
feet  on  datum,  but  I  should  prefer  to  draw  it  at  36000.  Supposing  then 
that  this  latter  level  be  decided  upon,  the  water  would  reach  the  Kooila 
Reservoir  at  (360  —  104^  =)  25550  on  datum — the  same  level  as  that 
fixed  for  the  water  from  either  Kennery  or  Ewoor.  But  it  is  the  bottom 
of  the  channel  which  would  be  at  this  level,  and  the  surface  water,  suppoa- 
ing  the  channel  were  four  feet  deep,  would  be  at  (255^  +  4  =^)  259-50 
feet  on  datum,  the  highest  level  at  which  it  is  proposed  that  the  water 
•hall  stand  in  the  Koorla  Reservoir  for  the  Kennery  and  Ewoor  Projects. 

I  will  now  show  how  the  channel  would  ran  with  reference  to  the  Vehar 
Lake.  The  lake  is  4;^  miles  nearer  than  the  Koorla  Reservoir  to  the 
Tansa  basin,  and  the  portion  of  the  line  between  it  and  Koorla  would  con- 
sist of  3^  miles  of  conduit,  with  a  rise  fVom  Koorla  of  3^  feet,  and  of 
three-quarters  of  a  mile  of  syphon,  with  a  rise  of  3}  feel  The  total  rise 
in  the  conduit  and  syphon  together  would  be  7  feet,  and,  therefore,  the 
channel  would  be  7  feet  higher  when  it  reached  Vehar  than  it  would  be 
nt  Koorla.  At  Koorla,  we  see  it  would  be  at  255-50  on  datum ;  there- 
fore, at  the  Vehar  Lake,  it  would  be  at  (25^*50  +  7  sr)  262-50,  which 
the  reader  will  remember  to  be  the  exact  level  of  the  surface  of  the  lake 
when  it  is  lull.  Thus  the  arrangements  would  be  such  that  the  channd 
irould  have  a  perfect  command  of  our  present  leseiroir,  and  at  any  time 
water  from  the  Tansa  could  be  discharged  into  it  to  keep  it  full.  This  is 
Ik  very  important  consideration  to  bear  in  mind  in  carrying  out  new  works. 

•  The  rMMler  wUl  renMmber  that  thto  fa  the  genenl  dope  I  hwve  edopted  In  fha  KeaoKfwaA 
-■wDor  Pirojeota.  The  dope  Mr.  Betoiuuk  hu  gimto  tlM  Glasgow  ohaniMl  la  10  iabtea  p«  ailB. 
aad  10  hli  ^yphoni  6  foet  per  mile. 
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If  thd  water  were  drawn  from  Tansa  at  350*00  on  datum,  it  would  be 
best  to  redaoe  the  slopd  of  the  channel  from  a  foot  to  10  inched  a  mile/ 
iknd  the  fall  of  the  syphons  from  5  to  4§  feet  per  mile,  so  as  still  to  ensure' 
its  reaching  Yehar  with  a  command  of  the  lake.  Or,  if  the  watei^  wei^ 
drawn  at  360*00  on  datnm,  and  it  were  considered  advisable  to  hare  the 
service  reservoir  even  10  feet  higher  than  proposed  bj  me,  these  slopM 
given  to  the  condait  and  syphons  would  bring  the  supply  to  Koorla  ai* 
369*50,  and  the  water  would,  on  its  course,  pass  the  Yehar  Lake  at  l6 
feet  above  the  surface  of  the  latter. 

The  entire  line  from  the  Tansa  to  Koorla  has  been  accurately  surveyed, 
and  Plcttes  LIII.  and  LIY.  are  sections  of  the  line  reduced  from  thef 
large  plans  in  the  ManicipAl  Office.  There  is  no  doubt,  therefore,  of  ther 
correctness  of  the  facts  stated.*  I  particularly  request  that  these  PlaUs' 
may  be  looked  at  closely.f  The  line  has  been  arranged  to  aVoid  as  mtich 
AS  possible  long  tunnels  and  deep  shafts.  As  a  rule,  the  tunnels  will  be^ 
from  200  to  300  yards  long,  or  less  if  coheidered  desirable,  and  the  shaftii^ 
would  be  about  20  or  30  feet  deep,  or  less,  also,  if  deemed  more  adran^ 
tftgeoos.  I  thought  this  about  the  least  depth  to  ensure  good  sound  rock. 
Exceptmg  through  five  hills,  it  is  quite  clear  the  line  is  most  farorableJ 
These  hills  occur — the  first  at  the  3rd  milestone ;  the  second  and  third  be- 
tween the  8th  and  lOih  milestones;  the  fourth  at  the  12th  milestone^ 
Und  the  fifth  at  the  23rd  milestone.  The  first  hill^Tiz.,  that  at  the  Srd 
milestone,  is  really  the  worst  obstacle,  but  even  liere  two  shafts  150  feet 
deep  would  reduce  the  headings  on  each  side  to  about  300  yards.:^ 

*  No  plan  of  the  Hae  is  gfyrn  in  this  report.  It  hM  been  omitted  simply  on  ^onds  of  economy, 
fhe  BimAer  of  FlaM  Ime  already  far  exceeded  wliat  I  erer  eontemptetod.  Alk  aoeturate  Ma^rey  oa 
a  large  toale  may  Im  coosatted  In  the  Honloipal  Oflloe  by  thoee  who  desire  detailed  Information* 
For  the  general  reader,  the  Index  Map,  in  No.  LXXVUI.,  Professional  Papers,  Second  Serfea,  gfret 
4Sk  the  neesssaty  faeta. 

Thoee  who  have  nerer  coadacted  a  surey  ixft  a  long  line  of  this  kind— i.  «.,  for  a  high  lerel  water 
diannel,  and  in  a  hilly  oonntiy  ooyered  with  the  densest  jangle,  where  ofteii  an  adtance  of  fifty 
^Bit  dannot  be  mad»wtthoat  felling  large  trees,  and  oloartag  a  path  throngfa'  doeely  matted  bniab> 
wood,  can  hardly  realise  what  an  amoant  of  labor  and  ezposore  is  involved  to  secure  the  beet  oooree. 
^wo  and  Chree  Hnes  hatts  to  be  surtoyed  and  levelled  befofe  the  best  can  be  debided  on,  and  thft 
again  has  to  be  modified,  re-sorveyed,  and  re-levelled  in  oonseqnenoe  of  facts  brought  to  light  sab- 
isiittBn^y.  It  if  these  thlagi  whtth  feeder  sarrey  work  for  watw  supply  m  vary  ttpaulvtfiB 
Bombay. 

1 1  had  intended  to  give  the  poefliM  of  every  shaft.  In  order  to  diow  how  ftmirftMe  for  tannbl- 
Mng  thellne  wonld  be,  bat  fhsM  ^kOm  were  done  In  Bomttey  whOel  ww  fa  Bnglcnd,  said  thsf 
•eaU  BO«k  of  eoarse,  be^sabjected  to  my  final  eorreetlona.  ThereadermailbelBdalgfBtforoili^ 
iionscfthleasetafe.  ' 

t  The  first  hlU  throngh  which  ICr.  Bateman  so  boldly  tomieUed  to  ttks  the  Lodi  Xctrint  ihMT 
to  Glasgow  htd,  besides  several  oChen,ftv0dnfCt  on  an  «veragvdfpth  of  140  yorvliii  . 
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The  hills  between  the  8th  and  lOth  milestones  might  be  tumelled 
throagh  with  a  shaft  at  each  end,  and  one  in  the  middle.  None  of  the 
shafts  need  be  more  than  a  few  feet  deep.  The  long  tonnels  in  these 
cases  woald  probably  be  preferable  to  sinking  deep  shafts.  The  bill  at 
the  12th  milestone  looks  the  most  formidable  of  all,  bnt  it  is  the  least  so. 
In  fact,  it  is  as  fayorable  as  any  part  of  the  line,  becanse  horizontal  shafts* 
can  be  obtained  of  any  required  depth,  and  at  convenient  distances  apart. 
A  shaft  100  feet  deep  in  (he  middle  of  the  hill  at  the  23rd  milestone  will 
remoye  all  difficulty  here. 

Orerflows  would  be  constructed  at  numerons  points  along  the  line  to 
discharge  the  water  if  at  any  time  there  were  an  obstruction  in  the  con- 
duits or  syphons ;  and  numerous  yentilating  man-holes  could  be  left,  if 
considered  desirable,  at  all  points  where  shafts  had  been  sunk. 

Only  three  aqueducts  would  be  required  in  the  whole  length  (29^  miles) 
of  channel,  and  this  circumstance  is,  in  my  opinion,  extraordinarily  fayor- 
able. These  works,  moreover,  would  be  of  such  an  insignificant  kind 
that  I  need  not  speak  of  them  further. 

The  most  formidable  obstacle  on  the  entire  line  would  be  the  Tannah 
Creek,  but  this  is  incidental  to  every  project  with  a  reservoir  out  of  Bal- 
sette,  and,  in  fact,  to  every  project  for  a  large  supply  of  water,  which 
cannot,  as  the  reader  now  knows,  be  obtained  in  Salsette.  The  cheapest 
way  to  overcome  this  obstacle,  would  be  to  tunnel  under  the  creek  at  a 
depth  of  from  50  to  100  feet  below  the  bed.  I  have  calculated  the  cost 
of  several  kinds  of  iron  aqueducts  over  the  water,  but  find  they  would  all 
entail  more  expense  than  a  simple  tunnel  with  a  cast-iron  pipe  laid  in  itf 

I  will  now  point  out  what  I  delayed  doing  in  a  previous  part  of  tlus 
report,  when  I  mentioned  that  I  should  prove  the  disadvantageous  posi- 
tion of  the  Shewla  Reservoir.  If  I  have  made  myself  clear  in  my  artido  on 
'Masonry  Conduits'  (vide  No.  LXXYI.,  Professional  Papers,  Second 
Series,)  it  must  be  evident  now  to  the  reader  that,  catena  parihu^  that 
must  be  the  best  reservoir  which  will  admit  of  the  water  being  brought  to 

•  ThflM  eaimoi  be  diown  in  a  notton,  bot  tiuMewfaooantobenttefledonllilf  poiiiianiite 
to  ttie  plin  of  tlie  line  in  tlieMnniolpel  OflBoe. 

4  If  tbe  Ocfwnment  wen  deeirou  to  improve  the  high  ro«A  to  the  Deooftn  taj  a  Mdse  ow  the 
oceek,  end  woaU  meet  the  BenohhelfweybjHootioning  a  portion  of  the  totel  ootley  leqniiea  fat 
n  teldge  end  eqnednot  oomMned,  no  dooht  thie  would  be  the  cheepeet  and  beet  node  of  ouiylBg 
the  wstor  aoroei;  bat  if  the  entire  espenae  of  enoh  a  work  is  to  faU  on  the  Bench,  a  tauMl  wm  be 
dieaper.  Perhape  the  Qoreniment  might  ooneent  to  make  over  the  tolls  to  the  BmmIi,  and  todo 
awaj  with  the  foxy.   It  might  be  worth  while  then  to  eonitniot  a  bridge  audi 
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Bombty  by  a  high  leyel  chAnnel  instead  of  in  a  pipe.  In  fact,  the  only 
hope  of  carrying  oat  a  large  scheme  will  depend  npon  our  being  able  to 
dispense  as  mnch  as  possible  with  pipes.* 

In  the  Index  Map  in  No.  LXXYIII.,  Professional  Papers,  Second  Se« 
lies,  are  shown  the  best  lines  along  which  the  water  should  be  broaght  from 
both  the  Tansa  and  Shewla  Basins.  Now  the  total  length,  by  a  carefdl 
sanrey,  of  the  line  from  Tansa  to  Koorla  is,  as  already  mentioned,  44^ 
miles,  of  which  29^  miles  would  be  channels,  and  15  nules  would  be  pipes. 
The  total  length  of  the  line  from  Shewla  to  Koorla  is  47  miles,  of  which 
21  only  would  be  channels  and  26  pipes.  The  line  from  Shewla,  there- 
fore, would  be  not  only  2^  miles  longer  than  that  from  Tansa,  but  there 
would  be  11  miles  more  of  pipes  required  for  it  than  for  the  latter. 

Nor  is  this  all.  From  the  same  sized  pipe  in  the  two  cases,  we  should 
obtain  more  water  from  Tansa  than  from  Shewla;  or,  in  other  words,  a 
larger  pipe,  to  convey  the  same  quantity  of  water,  would  be  required  from 
the  latter  than  from  the  former.  The  reason  is  obvious.  We  could  not 
get  so  great  a  fall  for  the  pipe.  I  have  shown  that  the  total  fall  of  the 
line  from  Tansa  to  Koorla  is  104^  feet,  that  the  29^  miles  of  channel  on 
the  Tansa  line  would  hare  a  slope  of  one  foot  per  mile,  and  that  the  15 
miles  of  pipe  would  have  a  fall  of  5  feet  per  mile.  The  Shewla  Lake 
being  about  20  feet  higher  than  the  Tansa,  the  available  fall,  supposing 
the  water  were  drawn  from  as  high  as  880*00  on  datum,  would  be  124^ 
feet  If  we  gave  the  channel,  of  which  there  would  be  21  miles,  a  fall  of 
one  foot  per  mile,  we  should  have  108^  feet  left  for  the  26  miles  of  pipe. 
Thus  the  fall  per  mile  for  the  latter  would  be  four  feet  instead  of  five,  aa 
in  the  case  of  the  Tansa  line.  The  fall  being  less;  the  discharge  would 
be  less,  or,  to  obtain  the  same  discharge,  the  size  of  the  pipe  and  the 
thickness  would  have  to  be  increased— t.  «.,  the  cost  enhanced. 

If,  in  order  to  get  the  same  slope  for  the  pipe  from  Shewla  as  that  from 
Tansa,  it  were  decided  to  draw  the  water  from  a  higher  level,  it  would 
have  to  be  drawn  from  26^  feet  higher,  or  from  306*50  on  datum.  But 
to  do  this  would  be  to  leave  only  11^  feet  depth  of  water  in  the  lake,  for 
I  have  already  mentioned  that  the  dam  cannot  be  made  higher  than  to 

•  I  iNg  tlw  rMdor  «t  thli  point  to  ntar  to  the  note  on  page  Itt  of  Ko.  LXXVi^  ProfsMtooal 
Papcn,  Seoond  Serlet,  (and  eepeoiaUy  that  portion  of  it  icgaiding  tbe  Shewla  Sheme),  whan  ha 
wmm  tbeenornioaaooatineTerypn^ectofthewockBfortidnglnginittt  toBombayascoaq^and 
withtheoortofitorlngit.  The  eetimatM  in  thif  report  iUoatnte  the  niM  point,  and  atthoogh 
the  ooit  of  t^oee  iroffki  haa  bem  greatly  rednoed. 
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impound  water  np  to  about  41 8*00.*    The  bills  on  the  sides  of  the  dim 
are  not  much  above  this  level. 

In  addition  to  this,  it  will  be  seen  from  the  map,  tluht  the  line  from 
Sbewla  has  to  cross  two  large  rivers,  the  Ealloo  and  the  Bhatsa,  joft 
below  their  junction,  and,  to  effect  this,  special  and  costly  arrangemeoti 
would  be  required. 

A  reference  to  the  map,  moreover,  will  show  that  the  pipes  on  the 
Tansa  line  would  be  situated  not  far  from  a  metalled  road  which,  bebg 
indeed  the  high  road  to  the  Deccan,  is  open  at  all  seasons  of  the  yeir. 
Thus  the  facilities  of  carriage  would  be  great,  and  the  cost  comparatirelf 
small.  Again,  the  site  of  the  Tansa  Dam  itself  is  but  five  miles  from  • 
station  (Atgaum)  on  the  3reat  Indian  Peninsular  Railway,  and  the  roid 
from  the  station  to  the  dam,  running  as  it  does  on  high  ground,  could  be 
always  open,f  so  that  a  perfect  communication  could  be  maintained  evea 
in  the  monsoon,  and  materials  could  easily  be  carried  wherever  they  migbt 
be  required. 

On  the  other  hand,  the  Slicwla  Reservoir  is  15  miles  from  the  neamt 
station,  and  there  is  no  metalled  road  in  its  direction.  The  track,  sodi 
as  it  is,  runs,  every  now  and  then,  over  swamps  which,  as  the  Engineer 
Officers  of  the  Municipality  have  found  to  their  cost,  are  impassable  during 
rainy  weather.  It  is  really  the  case  that  for  four  months  in  the  year  no  csit 
traffic  takes  place  between  the  large  town  of  Moorbar  and  the  railirays.} 

I  have  referred  in  a  previous  part  of  this  report  to  the  ralnable  natnre 
of  the  ground  which  would  be  swamped  by  the  Showla  Liake.  Now  this 
point  becomes,  when  carefully  inquired  into,  one  of  great  importance.  It 
must  be  remembered  that  as  many  as  4,000  acres  would  have  to  be  taken 
up  if  a  reservoir  were  formed  either  at  Shewla  or  in  the  Tansa  Valley. 
For  the  Kennery,  Toolsee,  £woor,  and  Tansa  Schemes,  the  land  required 
would  consist  merely  of  jungle ;  but  for  the  Shewla  Lake  the  entire  water- 
spread  is  almost  all  under  cultivation  for  rice§  and,  unless  the  owners  weit 

*  Thli  Ib  the  height  of  the  water  lerel  proposed  b7  ^tt,  Altkaa. 

«  Bren  a  tram  ooiUd  be  Uld,  if  o(mtldered  deeirBUo,  withoat  ny  ride  of  fti  hRfl^ 
rainy  weather. 

(  Sack  hard  labor  li  It  oonaldered  for  ballocka  to  work  In  thti  illifTint  In  imt  wnatTur  tbiT^ti 
order  to  prvrent  their  cattle  being  eelxed  for  the  parpooe,  many  of  the  TiUagan,  ImiwillaWlr  At 
momoon  leti  In,  take  off  the  whoela  from  their  carte  and  bory  them.  The  ICnnldpal  OBoaci  wm 
alwi^  made  welcome  to  the  carte,  bat  Inrariably  fonnd  them  witbont  wbeeia. 

f  I  am  told  that  the  rice  prodneed  in  the  Shewla  Baain  and  all  about  KooilMr  li  of  SHptfte 
qnallty,  and  fetchea  a  higher  price  in  Che  market  Chan  most  other  Unda,  nad  that  tlw  1 
In  Moorbar  and  the  ■uroQDdlng  Tillage*  are  Toy  tenaoloiM  of  their  fldda. 
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liberally  dealt  tvith,  they  would  not  part  with  their  properties.  What- 
ever mi^  be  the  valae  of  jangle,  it  must  be  clear  to  the  most  ordinary 
nnderstandbg  that  land,  which  has  been  brought  into  a  high  state  of 
cultivation  by  the  labor  of  years,  must  be  four  or  five  times  as  yaluable ; 
BO  that  if  Rs.  50  an  acre  be  sufficient  to  pay  for  jungle,  Bs.  200  an  acre 
will  not  be  too  high  a  price  to  pay  for  an  acre  of  the  best  paddy.  At 
these  rates  the  cost  of  the  land  for  Bhewla  Lake  would  be  six  lakhs  of 
rupees  in  excess  of  that  which  we  should  have  to  pay  for  the  land  in  the 
Tansa  Valley.  Moreover,  nearly  all  the  latter  belongs  to  the  Govern- 
ment, who,  I  have  no  doubt,  would,  with  the  prospect  of  the  beneficial 
effects  to  be  produced  in  the  surrounding  country  by  a  large  water  scheme, 
grant  it  for  a  merely  nominal  sum,  especially  as  it  yields  them  nothing  at 
the  present  moment ;  whereas  the  land  at  Shewla  belongs  to  well-to-do 
people,  who  are  fully  alive  to  the  value  of  their  properties,  and  who  would 
most  certainly  demand  the  utmost  compensation  for  their  loss,  or  proceed 
to  law  to  obtain  it. 

'  Thus  then  the  advantages  of  the  Tansa  over  the  Shewla  Project  for  a 
gigantic  prcject,  may  be  summed  up  thus  : — Tlie  gathering  ground  of  the 
Tansa,  and,  therefore,  the  supply  to  be  obtained  from  it,  is  nearly  double 
that  to  be  obtained  from  Shewla.  T];ie  capacity  of  the  reservoir  is  great- 
ar.  The  line  by  which  the  water  would  be  conveyed  to  Bombay  is  2^  miles 
Bhorter.  Only  15  miles  of  pipe  would  be  required  to  reach  the  Koorla 
Beservoir  in  place  of  26  miles  in  the  case  of  Shewla.  The  slope  which 
i»uld  be  given  to  the  Tansa  pipe  is  greater  than  that  which  could  be  given 
to  the  Shewla  pipe,  without  sacrificing  other  advantages ;  or,  if  the  same 
slope  were  to  be  given  to  the  Shewla  pipe,  the  capacity  of  the  reservoir 
would  have  to  be  so  reduced  as  to  make  it  but  a  small  one.  The  commu- 
nications between  Tansa  and  Bombay  are  nearly  completed  already  bj 
railway,  and  the  pipes  could  be  carried  close  to  their  destination  along  a 
first-class  metalled  road ;  whereas  the  communications  between  Shewla  and 
Bombay  are  most  incomplete  at  the  best,  and  closed  during  the  monsoon, 
and  the  pipes  would  have  to  be  carried  to  their  positions  along  country 
tracks,  and  over  low  swampy  ground.  And,  lastly,  the  land  required  for 
the  Shewla  Lake  would  cost  many  lakhs  of  rupees  in  excess  of  what  would 
have  to  be  paid  for  the  land  m  the  Tansa  Valley. 

When  all  these  points  are  considered,  it  will  be  found  on  calculation 
thai  the  difference  hot  the  first  ooat  of  the  two  lines  would  be  iiom  15  to  20 


lakbs  of  rapeesy  dependent  on  the  qatntitj  of  water  it  might  be  decided 
to  convey  to  Bombay,  and  the  difference  in  the  after-ooety  as  the  works 
required  extension  and  more  water  had  to  be  |broiight  to  Bombay^  would 
be  enormously  more. 

I  trust  it  will  now  be  seen  that  the  facts  brought  to  light  by  the  sur- 
yeys  and  investigations  undertaken  by  me  have  justified  the  rejection  of 
the  Shewla  reservoir  for  a  large  scheme  of  water-supply.  I  will  now  pass 
on  and  complete  my  explanation  of  the  Tansa  project. 

I  need  not  describe  the  service  reservoir  at  Koorla,  which  would  be  the 
same  as  for  the  Kennery  or  Ewoor  Projects,*  and  the  details  of  which  are 
given  in  Plate  XXXIX.  The  pipes  from  Koorla  to  Bombay  would  run 
along  the  course  shown  in  Plate  XL.  tor  the  Kennery  line.  The  size  of 
the  pipe  would  of  course  depend  upon  the  quantity  of  water  it  was  de- 
termined to  deliver  in  Bombay.  In  order  the  better  to  effect  a  comparison 
between  the  several  Kamun  projects  and  the  Tansa  Project,  I  have  esti- 
mated for  pipes  to  convey  various  quantities  of  water  to  Bombay. 

I  have  already  mentioned  that  the  land  which  would  be  covered  by  the 
Tansa  Lake  is  nearly  all  jungle,  and  similar  in  character  to  that  which 
would  have  to  be  taken  up  for  any  of  the  Balsette  projects.  The  entire 
watershed,  moreover,  consists  of  rocks  of  primitive  formation,  and  the 
water,  therefore,  would  be  of  the  same  quality  as  that  supplied  at  present 
to  Bombay.  The  villages,  which  would  be  swamped  by  the  water,  consirt 
in  every  case  of  merely  a  few  straggling  huts  occupied  by  men  of  the 
poorest  dass,  and  it  would  cost  little  to  compensate  these  men  for  their 
dwellings,  which  consist  merely  of  mud  walls  thatched  over  with  the  grass 
growing  close  to  them. 

The  following  are  estimates  of  the  scheme  for  18,  20,  and  26  gallons 
per  head  per  diem  for  the  present  population  :— 

Estimate  No.  1. 

Cost  of  Tahsa  Bohsmi. 

Dam  to  impound  at  first  9,000  million  gaUons,  and  supply  to  be  8^ 
million  gallons  daily  :— 

•  Thantderwffl  here  olMVftatliifctlMKtmitty.Siroar  and  IteMftFhiit^  ■■• 

qntam.   Tilt  diAiuMl  for  MtAiwdMitlMiffTloeraHrfolr  aft  tiMiHMltfd;  fteinte 
■Bitf  tMh  MliMM  eviallj  ireU,  tnd  tlM  pipe  to  BonlMj  woold  nn  alOBf  tlM  H^ 
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BS. 

Dam  95  feet  high,  bat  constracted  so  as  to  admit  of  its 
being  raised  from  time  to  time,  so  as  altimately  to  be  130 
feet  high,  containing  4,496,000  cubic  feet  of  nibble  ma* 
sonry,  at  Rs.  25  per  100  cabic  feet,  11,24,000 

29|  miles  of  channel,  with  a  waterway  5  feet  wide  by  4  deep, 
at  Rs.  80,000  a  mile, 23,60,000 

15  miles  of  syphon  pipe,  between  Tansa  and  Koorla,  36 
inches  in  diameter,  and  1|  inch  thick,  delivering  8|  million 
gallons  daily,  and  weighing  1,020  tons  per  mile,  or  15,800 
tons,  at  Rs.  160  a  ton,  24,48/)00 

9|  miles  of  pipe  from  Koorla  to  Bombay,  28  inches  in  dia- 
meter, and  1  inch  thick,  delivering  8^  million  gallons 
daily,  and  weighing  720  tons  per  mile,  or  6,840  tons,  at 
Rs.  160  per  ton,        10,94,400 

No  waste  weir  reqoired  (vide  page  333). 

Oatlet  works 1,50,000 

Tunnel  ander  Tannah  Creek,  abont  half  a  mile  long,        •  •       3 ,00,000 

Koorla  Reservoir,  and  works  there, •  •      3,00,000 

77,76,400 

Add  10  per  cent  for  contingencies,  say, 7,77,600 

Xand,  2,420  acres  of  jangle  for  reservoir,*  32  acres  for  syphons 

and  pipes,  at  Rs.  50  each, 1,33,000 

Total,        ..         ..     86,87,000 

Or,  say,  87  lakhs  for  13  gallons  per  head  per  diem  for  the  present 
population. 

Estimate  No.  2. 

Dam  to  imponnd  as  before  9,000  million  gallons.     Supply  to  be  18 
million  gallons  daily : — 

BS. 

Damasbefore, 11,24,000 

29|  miles  of  channels,  as  before,         23,60,000 

15  miles  of  syphon  pipe,  between  Tansa  and  Koorla,  42  inches 
in  diameter,  and  l\  inch  thick  delivering  13  million 
gallons  daily,  and  weighing  1,364  tons  per  mile,  or  20,460 

tons,  at  Rs.  160  per  ton,        32,73,600 

9^  miles  of  pipe,  from  Koorla  to  Bombay,  33  inches  in  dia- 
meter, and  1|  inch  thick,  delivering  13  million  gallons 
daily,  and  weighing  924  tons,  per  mile,  or  8,778  tons,  at 
Rs.  160  per  ton,         14,04,480 

Carried  forward,        81,62,080 

*  This  win  be  lofHdent  at  flzst. 
VOL.    II. — SBCOHD    SERIBB.  2  Z 
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Brought  forward,        81,02,080 

No  waste  weir  is  required. 

Outlet  works,  as  before,  1,60,000 

Tunnel  under  Creek,  as  before,  ••       3,00,«K)0 

Koorla  Bescrroir,  and  works  there,  as  before,         •  •         . .      3,00,000 

89,12,030 
Add  10  per  cent  for  contingencies,  bay,  •  •         •  •       8,91,920 

98,04,000 
Land  as  before,        1,33,000 

Total,         ..         ..     99,37,000 
Or,  say,  99^  lakhs  for  20  gallons  per  head  per  diem  for  the  present  popu- 
lation. 

Estimate  No.  3. 
Dam  to  impound  at  first  9,000  million  gallons,  and  sapply  delivered  to 
Bombay  to  bo  over  17  million  gallons  daily : — 

BS. 

Dam  as  before, 11,24,000 

Channel  us  before,        23,60,000 

15  miles  of  syphon  pipe  48  inches  in  diameter,  1|  inch  thick, 
delivering  over  17  million  gallons  daily,  and  weighing 
1,7G0  tons  per  mile,  or  26,400  tons,  at  Rs.  IGO  a  ton,  • .  42,24,000 
9^  miles  pipe  from  Koorla  to  Bombay,  39  inches  in  diameter, 
and  1|  inch  thick,  delivering  over  17  million  gallons  daily, 
and  weighing  1,260  tons  per  mile,  or  11,970  tons,  at  Ba. 

leOaton, 19,15,200 

Outlet  works,  as  before,  1,50,000 

Tunnel  under  Creek,  as  before,  ••         * SfiOfiOO 

Koorla  Beservoir  and  works  there,  as  before,  •  •        •  •      3,00,000 

103,73,200 
Add  10  per  cent  for  contingencies,  say, 10,37,800 

114,11,000 
Land  as  before,        1,83,000 

Total,        .•         ..  115,44,000 
Or,  say  115j^  lakhs  for  26  gallons  per  head  per  diem  for  the  present 
population. 

H.  T. 
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No.XCI. 

THE  KAMUN  PROJECT  FOR  "THE  WATER  SUPPLY  OF 

BOMBAY." 

IVide  Plates  LV.  to  LVm.] 


By  Major  Hector  Tulloch,  R.E. 


The  general  position  and  extent  of  the  Eamun  Yallej  will  be  seen  on 
the  Index  Map  in  No.  LXXVIII.,  Professional  Papers,  Second  ^Series. 
It  is  admirably  situated  for  the  storage  of  water.  The  lower  part  of  the 
basin  is  exceedingly  flat  as  may  be  gathered  from  the  fact  (vide  Table  on 
Piate  LV.),  that  a  dam  impounding  only  60  feet  depth  of  water  would 
form  a  lake  of  about  four  square  miles,  or  nearly  double  the  area  of  Ye- 
bar,  and  one  impounding  100  feet  depth  of  water,  would  have  an  area  of 
more  than  six  square  miles,  or  nearly  three  times  that  of  Yehar.  The 
best,  in  fact  the  only  site  for  the  main  dam  is  at  a  spot,  vide  Plate  LY., 
immediately  below  the  junction  of  the  two  principal  streams.  These  are 
fed  by  the  rains  which  fall  on  the  Toongar  Hills,  and  to  judge  by  their 
size,  they  must  bring  down  a  rery  large  quantity  of  water. 

As  already  mentioned,  the  tide  ascends  to  the  very  site  of  the  dam, 
where  the  bed  of  the  stream  is  at  80*00  feet  on  datum.  If  a  reserroir 
were  formed  in  this  Talley,  it  would  be  necessary  to  stop  up  also  two  gm|NI 
in  the  ridge  of  hills  on  the  south-west  margin  of  the  lake.  The  length 
and  depth  of  the  required  dams  may  be  gathered  from  Plate  LYL 
The  area  of  the  watershed  above  the  site  of  the  main  dam  may  be  taken 
at  20  square  miles,  or  12,800  acres.  I  have  fixed  upon  140*00  on  datum 
as  the  level  below  which  the  water  should  not  be  drawn.  A  large  quan- 
tity would  be  contained  in  the  reservoir  even  below  this  level,  but  my  ob- 
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ject  is  to  draw  the  water  from  as  high  a  point  as  possible,  in  order  to  save 
the  cost  of  piiinpiiig,  which,  it  must  be  clear  to  every  one,  wouhl  be  ne- 
cessary before  the  Kamiin  water  could  be  supplied  to  the  town.  It  is 
true  that  by  drawing  the  water  at  a  lower  level  there  would  be  the  par- 
tially compensating  advantage  of  lower  dams,  but  I  have  calculated,  and 
find  it  would  be  cheaper  to  construct  dams  to  enable  us  to  draw  at  140'U0 
on  datum,  than  to  construct  lower  ones,  which  would  enable  us  to  draw 
at,  say,  120*00  on  datum,  but  would  at  the  same  time  compel  us  to  pump 
the  water  the  extra  20  feet.  It  would  be  even  cheaper  to  draw  the  water 
at  a  higher  level  than  140*00  on  datum,  but  then  the  dams  would  become 
higher  than  I  think  they  should  be  for  the  kind  of  foundation  we  can 
find  for  them. 

On  the  same  data*  as  we  applied  to  the  other  valleys,  and  taking  the 
average  area  of  the  lake  at  5  square  miles,  the  quantity  of  water  obtain- 
able from  the  Kamun  Valley  would  be : — 

8.200  acrcfl  x  4,840  X  9  x   8 J   x  6J  . .         . .     =    7,405,200,000 
9,000  acres  x  4,840  X  9  x  4J   x  6^  ..        ..     =  ll,76l;200.000 

19,166,400.000 
Deduct  for  evaporation — 

3,200  acres  x  4,840  X  9  x  2J  x  CJ  ..         ..     =     2,178.000,000 

16,088.400,000 
Deduct  |rd  for  onaccoantablc  waste, =     6,662.800.000 


11.325.600.000 
— -t.  e.j  more  than  31  million  gallons  daily,  or,  say,  48  gallons  per  head 

per  diem  for  the  present  population. 

It  will  thus  be  seen  that  so  far  as  quantity  is  concerned,  the  supply 
to  be  obtained  from  this  low  level  basin  of  Kamun  is  abundant.  The 
facilities  for  storing  the  water  are  also  favorable.  By  reference  to  the 
Table  on  Plate  L V.,  it  will  be  seen  that  to  hold  a  one-year's  supply,  the 
surface  of  the  lake  must  be  at  about  155*00  on  datum — to  hold  a  two- 
years*  supply,  say  (22,000  million  gallons),  it  mu8t  be  at  166  on  datum — 
and  to  hold  a  three-years'  supply  (33  million  gallons),  at  175-00  on  datum. 

The  bed  of  the  stream  at  ihe  site  of  the  main  dam  is  80*00  on  datum, 
and  it  would  be  necessary  to  go  twenty  feet  below  this  for  a  solid  fonnda- 
tion,  in  which  case  the  bottom  of  the  dam  would  be  at  60*00  on  datum. 
If  the  dams  were  carried  in  each  instance  five  feet  above  the  level  of  the 

•  I  beliere  the  ninfall  in  the  Keman  Vollej  to  be  oonaiderably  greater  than  that  at  Tehar.  la 
isn,ftl  Inches  of  rain  feU  at  Kaman,  whUe  39  only  ftU  at  Vehar.  Bat  it  wlU  be  belter  periiapa  net 
to  be  gnided  by  the  remlU  of  a  ilngle  year. 
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water,  the  height  of  the  main  datn  to  impound  a  one,  two,  and  three-years' 
supply,  would  be  as  follows  : — 

feet 
To  impound   11,000  million  gallons,  or  a  one-year's  sup- 
ply (160 -60), 100 

To  impound   22,000  million  gallons,  or  a  two-years*  sup- 
ply ^171  -  60), Ill 

To  impound  33,000  million  gallons,  or  a  three-years*  sup- 

'  ply  (180  -  60), 120 

Of  course  it  is  manifest  that,  with  so  large  a  quantity  as  48  gallons  per 
head  per  diem  for  the  present  population,  it  would  be  absurd  at  first  to 
store  more  than  a  year's  supply.  E^en  this  would  be  in  excess  of  what 
we  have  in  the  Vehar  Lake  when  full.  In  the  estiinates,  therefore,  of  the 
Kamun  Project,  I  shall  assume  that  the  dams  are  not  to  impound  at  first 
more  than  this  quantity  of  water,  but  they  must  be  constructed  so  that 
they  may  be  raised  at  any  subsequent  period  to  impound  a  full  three-years' 
supply. 

The  cheapest  mode  of  bringing  the  water  to  Bombay  would,  beyond  all 
doubt,  be  by  a  conduit,  and  it  must  be  evident  to  the  reader  that,  consider- 
ing the  low  level  of  the  reservoir,  it  would  be  impossible  to  supply  the 
town  without  pumping  up  the  water  by  artificial  means.  Now,  it  is  an 
important  question  in  this  scheme  where  the  water  should  be  pumped.  It 
might  be  pumped  at  the  Lake  itself,  or  at  some  point  between  Kamua 
and  Koorla,  or  at  Koorla,  where  we  could  have  a  service  reservoir  for 
contingencies,  or  in  Bombay.  If  it  were  pumped  at  any  point  between 
Kamun  and  Koorla,  I  think  the  best  place  would  be  near  the  Ewoor  Lake, 
and  I  would  raise  the  supply,  not  by  steam,  but  by  the  water  in  the  latter 
reservoir.  Although  this  will  be  considered  by  many  a  most  novel  pro- 
position, still,  when  the  estimates  are  submitted,  the  scheme  will  not  be 
found  to  compare  unfavorably  with  the  others ;  and  at  the  time  of  my  in- 
vestigation, when  I  was  not  aware  how  very  expensive  the  Ewoor  dams 
would  turn  out  to  be,  this  seemed  the  most  promising  of  all  the  projects. 
However,  the  reader  shall  judge  of  it  for  himself.* 

I  have  already  proposed  to  draw  the  water  from  the  Kamun  Reservoir 

•  When  I  haA  to  leave  Homtmy  ao  rodd'nly,  both  the  Bwoor  and  Kamun  Projects  were  under  in- 
Tertlgation,  and.  not  having  all  the  facte  connected  with  them  before  me,  I  could  not  then  decide 
finally  which  of  the  Kamun  Projects  would  be  the  cheapest.  Had  I  sUyed,  I  would  probably  have 
completed  a  survey  for  a  low  level  conduit  from  Kamun  to  Bombay ;  but  the  estimate  submitted 
further  on  will  show  the  Bench  what  the  cost  of  a  scheme,  if  the  water  is  taken  to  Bombay  and 
pumped  up  there,  wlU  be. 
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at  140  on  datura,  and  I  would  adopt  the  same  size  of  conduit  in  eacb  of 
the  Kamun  projects,  as  I  have  in  all  the  other  schemes — viz.,  one  with* 
waterway  five  feet  wide  and  four  deep.  And  I  would  give  it  the  same 
slope  aB  before, — viz.,  one  foot  per  mile. 

There  would  he  9  J  miles  of  conduit  at  this  slope,  between  Kamnn  and 
Ewoor,  and  half  a  mile  of  pipes  with  a  fall  of  2  J  feet  under  the  Tannah 
Creek.*  The  conduit,  therefore,  starting  at  140,  would  reach  Ewoor  at 
128  on  datum.  Here  the  water  would  be  pumped  100  feet,  as  I  will 
presently  explain  at  greater  length,  and  then  proceed  in  a  conduit  with 
the  same  slope  as  before,  till  it  reached  the  Lower  Koorla  Reservoir, 
vide  Plate  LVIIL,  a  distance  from  Ewoor  of  9^  miles,  at  2 18  J  on  datum. 

The  only  obstacle  of  consequence  on  any  line  of  conduit  from  Kaiunn 
to  Bombay  is  the  Tannah  Creek,  and  I  think  this  couM  best  be  overcome 
by  a  tunnel.  Vertical  shafts  should  be  sunkf  on  each  siido.  to  a  depth  of 
not  less  than  50  feet  below  the  bed  of  the  stream,  which  at  the  site  is 
solid  rock,  and  tunnels  should  then  be  driven  from  each  end  to  meet  in 
the  middle.  The  width  of  the  stream  is  but  little  more  than  a  quarter 
of  a  mile,  and  I  know  of  nothing  to  render  the  work  unsuccessful.  A 
tunnel  would  bo  cheaper  than  an  aqueduct  over  the  stream,  as  the  current 
in  this  part  of  the  creek  is  very  strong,  and  the  erection  of  piers  would 
be  more  than  ordinarily  expensive.} 

Now,  as  to  the  works  at  Ewoor,  I  have  already  showTi  that  the  Ewoor 
Valley  is  very  badly  situated  for  the  storage  of  water,  but  there  is  one 
point  in  connection  with  the  scheme  which,  if  the  Kflmiin  Project  were 
contemplated,  might  render  it  advisable  to  carry  out  the  two  together. 
This  point  is  that,  although  the  water  to  be  obtained  from  Ewoor  would  be 
small  in  quantity,  yet  it  would  be  at  so  great  an  elevation  as  to  be  a  most 
useful  mechanical  power  for  raising  the  Kamun  water  to  a  liigher  level. 
The  yearly  supply — 2,400  million  gallons — would  lie  at  an  average  height 
for  use  of,  say,  470  on  datum.  §     Now  the  Kamun  water  could,  as  I  have 

•  Vide  Oolas  Rlvor,  Phitc  LVII. 

t  In  Plate  XLTV.,  thoy  ore  shown  inclined,  bntthl«  is  an  accidental  error,  nnd  the  tnnncl  is  not 
pnt  at  a  sufficient  dc|)th  below  the  bod  of  tho  river. 

X  If  any  Rquodnct  w»tv  ado]ito<l,  this  Hnsix'nsiuii  principle  scorns  at  flr«t  »1cht  the  l»crt  to  apply,  in 
onler  to  obviate  tho  necessity  of  piers,  but  there  ore  great  objections  to  thin,  oa  any  one  will  find 
^'ho  goofl  Into  tlic  Mihioot. 

5  1  nra  snpi)osing  that  at  least  n  two-years'  supply  Is  stored  In  Ewoor  ;  and.  if  this  irerc  done,  the 
"Water  used  everj'  onlinary  year— i.  r.,  when  there  was  no  failure  of  tho  niou!toon>-wonM  li*  {vide 
P«frea  248  and  '2A7  of  No.  LXXXI.,  rrofe<»«ional  Papers,  Second  Scries)  between  481  and  461  on 
datum,  or  at  an  aycrago  level  of  47J| .    I  prefer,  however,  to  soy  470  as  in  tho  tort. 
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shown  be  brought  to  Ewoor  at  128  on  datum.  Which  should,  therefore, 
have  a  power  equal  to  2,400  million  gallons  falling  through  (470  —  128), 
342  feet.  Theoretically,  this  should  raise  three  times  the  quantity  more 
than  100  feet  high,  but  there  is  always  a  considerable  loss  of  power  even 
in  the  best  engines.  Suppose  turbines,  which  are  the  most  approved  form 
of  water  engine,  were  used,  and  a  loss  of  power  of  25  per  cent,  took 
place,  and  suppose  that,  instead  of  dropping  the  water  down  342  feet,  which 
would  necessitate  its  being  wasted,  we  dropped  it  242  feet,  and  let 
the  water,  after  doing  its  useful  work,  flow  off  with  the  Kamun  water 
in  the  same  channel  as  the  latter,  we  should  then  be  able  to  raise, 
(I  X  - — ^^*'  "  =)  4,356  million  gallons,  which,  with  the  Ewoor  water 

(2,400  million  gallons),  would  give  us  a  total  supply  of,  say,  6,756  mil- 
lion gallons  yearly,  which  is  about  18  J  niillion  gallons  daily,*  or,  say,  28^ 
gallons  per  head  per  diem  for  the  present  population. 

If  more  water  than  this  quantity  were  required,  there  would  be  no  help 
for  it  but  to  pump  it  by  steam.  The  Toolsee  water  would  be  too  small  in 
quantity  to  use  in  the  same  way,  and  more  than  one  pumping  station 
would  be  objectionable. 

Of  course,  if  such  a  scheme  as  the  above  were  ever  contemplated,  it 
would  be  better  to  impound  a  full  three-years'  supply  from  the  very  be- 
ginning in  the  Ewoor  Lake,t  as  there  would  then  be  very  little  risk  of 
the  supply  falling  short  through  the  failure  of  the  monsoon.  "Without 
water  in  the  Ewoor  Lake  to  pump  up  the  Kamun  water,  there  would  be 
no  supply  to  Bombay. 

The  outlet  works  at  the  Kamun  Reservoir  would  be  on  the  principle 
of  those  proposed  for  the  Tansa  Project,  vide  Plate  LII.,  and  the 
waste  weir  would  be  a  work  of  easy  construction.  The  water  might 
be  passed  into  the  lower  part  of  the  valley,  or  at  several  points  over 
the  range  on  the  south-west  margin  of  the  lake,  or  into  the  Payah  Valley, 
vide  Index  Map  in  No.  L XXVIII.,  Professional  Papers,  Second  Series, 
close  to  the  spot  from  which  the  conduit  would  start  for  Bombay. 

The  details  of  the  Lower  Koorla  Reservoir  will  be  best  understood  by 

•  The  channel  I  propoeo— viz.,  one  with  a  waterway  five  feet  wide  and  fonr  deep,  wonid,  with  tha 
dope  to  bo  given  to  it— viz.,  twelve  inches  per  mile— carry  away  only  17^  million  gaUona,  lo  that 
there  woald  be  aboat  a  million  gallons  left.  Instead  of  making  the  conduit  a  little  larger,  or  giving 
it  a  greater  slope  to  carry  away  the  full  18|  million  gallons,  I  would  retain  the  one  million  for  tho 
nM  of  the  towns  of  Tannah  and  Bhandoop. 

t  In  this  case,  as  the  water  would  lie  about  18  feet  higher,  we  should  be  able  to  pump  up  aboBfe 
one  miUiOD  gaUons  more,  so  thai  tho  total  supply  would  bo  about  19^  milUon  gallonc  daily. 


reference  to  Plate  LYIII.  It  is  intended  simply  for  seryioe  parposes, 
from  which  the  water  would  be  sent  to  Bombay  nnder  pressure.  It 
would  be  capable  of  holding  nearly  130  million  gallons,  or,  say,  about  i 
fortnight*8  supply  at  10  million  gallons  daily.  The  dam,  although  a  long 
one,  would  not  be  more  than  about  fifty  feet  high.  The  water  would  be 
drawn  for  use  on  the  principle  of  the  system  shown  in  Plate  LII. 

From  Koorla  a  pipe  would  be  laid  to  Bombay,  and  its  size  would  of 
course  depend  on  the  quantity  of  water  required  by  the  town.  It  would 
follow  the  same  course  as  the  other  pipes  from  Koorla,  a  section  of  which 
is  shown  in  Plate  XL. 

Suppose,  however,  that  instead  of  using  the  Ewoor  water  to  raise  the 
Eaniun  supply,  we  employed  steam ;  I  do  not  think  there  would  be  an/ 
advantage  in  fixing  the  pumps  at  Koorla.  The  choice  lies  between 
Kamun  and  Bombay.  The  great  expense  in  pumping  schemes  is  that  of 
the  coal  consumed,  which  would  have  to  be  taken  to  Koorla  by  railway; 
whereas  it  could  be  delivered  at  Kamun  by  boats,  there  being  water  com- 
munication all  the  way  between  this  town  and  the  Bombay  harbour.  Be- 
sides this,  there  is  no  compensating  advantage  in  the  position  of  Koorla, 
whereas  there  are  advantages  attached  to  both  Kamun  and  Bombay. 

If  the  water  were  brought  to  Bombay  to  be  pumped,  I  do  not  think,  con- 
sidering the  levels  of  the  ground  even  along  the  best  line  which  the  conduit 
could  take  across  the  low  lands*  between  Koorla  and  the  island,  and  in  the 
island,  that  it  would  be  advantageous  to  carry  it  in  at  a  higher  level  than 
about  90  on  datum.  It  might  bo  carried  in  at  100  on  datum,  but  only  at 
great  expense,  as  I  will  show.  The  draw-ofif  point  in  the  Kamun  Lake 
could  not  well  be  higher  than  140  on  datum,  and  there  being  19  miles  of 
conduit  with  a  slope  of  1  foot  per  mile,  and  half  a  mile  of  pipe  at  a  slope 
of  5  feet  per  mile,  the  water  could  not  therefore  reach  Koorla  above 
about  118^  on  datum.  From  Koorla  there  would  still  remain  19  miles 
of  distance  to  Bombay,  and  of  this  length  it  appears  to  me  that  it  would 
be  best  to  have  about  4  miles  of  pipes,  and  5^  of  conduit.  If  we  had 
a  conduit  all  the  way  from  Koorla  to  Bombay,  along  the  4  miles  where  I 
have  proposed  to  lay  pipes,  we  should  require  a  masonry  aqueduct  standing 
from  20  to  25  feet  above  the  surface  of  the  ground,  and  such  a  work 

*  Tid»  Piatt  XL.,  wtaere  it  wlU  be  ■em  thet  a  ong  the  Sod,  Srd,  end  4th  iiillee»  the  laadene 
not  Above  87  on  detain,  or  jut  about  the  level  q<  high  water,  and  for  put  of  the  Mh  anA  ith  milM 
atoo  the  ground  ii  vcqr  low. 
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wonid  be  more  expensive  than  a  pipe.  If  then,  we  say,  a  pipe,  is  prefer- 
able, the  slope  to  be  given  to  it  should  be  as  before — 5  feet  per  mile,  or 
20  feet  for  the  fonr  miles,  and  for  the  5^  miles  of  conduit  we  should 
require  a  slope  of  5^  feet.  So  that  the  total  fall  of  the  conduit  and  pipe 
from  Eoorla  to  Bombay  would  be  25|  feet,  and  if  we  deduct  this  from 
the  level,  118^  on  datum,  at  which  the  water  would  arrive  at  Koorla,  we 
find  that  it  would  reach  Bombay  at  93  on  datum.*  I  prefer,  however, 
to  say  90,  because  the  ground  lies  better  for  a  conduit  at  this  level  than 
for  one  a  little  higher. 

Having  now  got  our  water  into  Bombay,  the  question  is,  how  high  it 
should  be  pumped.  On  this  point  1  fear  there  will  be  some  diversity  of 
opinion.  I  have  hitherto  assumed  that  the  average  level  at  which  Bom- 
bay stands  for  water-supply  purposes — t.  e.,  the  average  level  at  which  the 
water  is  drawn  for  use — is  at  about  100  on  datum.f  I  think  the  water 
should  be  pumped  somewhat  more  than  100  feet,  or  say  125  feet.  Some 
may  think  the  former  height  sufficient,  and  I  should  not  oppose  the  pro- 
position, but  I  suggest  the  latter  as  probably  the  one  that  will  be  prefer- 
red.J 

The  cost,  then,  of  the  Eamun  Scheme,  if  the  water  were  raised  in  Bom- 
bay, would  be  chiefly  made  up  by  the  following  items — the  cost  of  the  reser- 
voir and  land  at  Kamun-^of  24^  miles  of  conduit-*of  4^  miles  of  pipe — of 
engines,  pumps,  and  engine  and  boiler-houses  in  the  town— of  a  service 
reservoir  for  use  in  cases  of  emergency — and  of  the  fuel  consumed  in  rais- 
ing the  water.     This  last  item  must  be  capitalised. 


*  No  ipecial  wamj  has  been  made  for  this  low  leyd  line  of  conduit  and  pipe  from  Kamon  to 
Bombay,  becaaso  it  would  have  been  mere  waste  of  money  to  do  so,  while  we  had  so  much  infonnft- 
tion  already  to  enable  us  to  decide  on  the  merits  of  the  scheme.  In  fact,  no  sorrey  is  required  except 
for  the  portion  between  Ewoor  and  Koorla.  The  first  portion  of  the  line— <.  e,,  from  Kamnn  to 
Bwoor— has  been  surveyed,  and  id  precisely  the  same  as  that  given  in  PkUt  LYII.,  and  the  last  por- 
tion—1\  «.,  from  Koorla  to  Bombay— is  given  in  Plate  XL.  It  is  only  the  intermediate  portion 
for  which  a  survey  could  be  required.  But  any  one  will  see  that  if  we  can  have  a  high  level  condntt 
between  Bwoor  and  Koorla— and  I  have  shown  wo  can  in  my  description  of  the  Ewoor  and  Tania 
projects,  and  by  Pkttes  XUTL.  and  LIV.— we  can  of  course  have  a  low  level  one. 

i  This  must  not  be  confounded  with  the  mean  between  the  greatest  height  and  the  lowest  level  at 
which  the  water  is  drawn  in  Bombay.  Of  course  some  water  is  drawn  at  even  1 80  on  datum,  but  thig 
amounts  to  a  very  small  quantity.  Nine-tenths  of  the  supply  is  drawn  on  the  ground-floors  of  the 
houses  and  into  wells,  and  thene  draw-off  points  are  at  very  low  levels— M,  90,  and  95  on  datum. 

I  When  I  first  brought  forward  the  idea  of  a  low  level  reservoir  with  pumping  in  Bombay  (which 
was  in  1869,  while  the  Commission  on  the  Water-supply  and  Drainage  was  sitting),  several  Englneen 
in  the  Town  seemed  to  think  that  100  feet  pressure  in  the  mains,  while  we  now  had  from  Vehar  m 
theoretical  presrare  of  160  feet,  and  an  actual  one  of  140,  as  proved  by  experiment,  would  not  be  wise. 
I  have,  therefore,  thought  it  beet  to  suggest  a  prosjuro  somewhat  greator  than  this. 

VOL.    U. — SECOND    SERIES.  3    ▲ 
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Now  let  as  consider  what  would  be  the  effect  if  the  water  were  pamped 
up  at  Kaman.  The  great  advantage  would  be  that  it  would  uerer  have  to 
be  raised  so  high  as  in  Bombay.  In  the  latter  case  the  water  would,  as 
the  reader  has  been  informed,  leave  the  lake  at  140,  and  arrive  in  the 
town  at  90  on  datum.  But  the  water  in  the  lake  itself  would  be  higher 
than  at  140,  for,  with  even  a  one-year's  supply,  the  surface  of  the  Kamaa 
Lake  would  stand  at  155,  with  a  two-years*  supply  at  166,  and  with  a 
three-years'  at  175.  It  would  be  most  advantageous  to  store  at  once  a 
three-years'  supply,  because  the  additional  cost  of  the  dams  is  not  great 
Suppose  we  did  impound  a  three-years'  supply  at  Kamun,  then  the  water 
which  would  be  used  every  year  would  lie  between,  say,  175  and  170.  As 
a  rule,  therefore,  we  should  not  have  to  pump  any  water  from  below  this 
point.  We  have  proposed  that,  if  the  water  were  raised  in  Bombay,  it 
should  be  about  125  feet,  or  up  to  215  on  datum.  Now,  if  the  water  were 
pumped  at  Eamun,  it  is  quite  clear  that  it  should  be  distributed  to  Bom- 
bay by  a  service  reservoir  at  Koorla.  The  question,  therefore,  is,  in  order 
to  effect  a  comparison  between  the  two  schemes,  at  what  level  the  water 
should  be  brought  to  Koorla.  Let  mo  assume  that  the  water  is  thrown 
either  into  the  Upper  or  the  Lower  Koorla  Reservoir.  The  great  advan- 
tage of  the  former  would  be,  of  course,  that  we  should  command  Vehar 
and  be  able  to  fill  that  lake  at  any  time  we  wished  to  do  so.  The  advan- 
tage of  the  latter  would  be  that  we  should  not  have  to  pump  the  water  so 
high  ;  but  it  must  be  remembered,  on  the  other  hand,  that  we  should  not 
have  so  great  a  pressure  in  the  town  by  nearly  40  feet. 

Supposing,  then,  we  brought  the  Kamun  water  to  the  Upper  Koorla 
Reservoir,  and  at  the  same  level  as  the  Kennery,  Ewoor,  and  Tansa,  water 
would  flow  into  it,  or  at  255*50  on  datum.*  The  distance  between  Kamun 
and  Koorla  being  19^  miles,  18^  of  this  would  consist  of  conduit  with  a 
slope  of  1  foot  per  mile — there  would  be  ^  a  mile  of  syphon  under  the  creek, 
and  I  of  a  mile  of  syphon  along  the  depression  in  the  hills,  or  1|  mile  of 
pipe  with  a  slope  of  5  feet  per  mile,  or  altogether  of  6^  feet.  8o  that 
the  water  in  order  to  reach  the  Upper  Koorla  Reservoir  at  255^  on  datum, 


*  There  has  been  no  Bpeolal  mxmy  tmAb  tot  this  high  le^el  line  from  Kaman  to  Koorla,  bat  I  need 
hardly  eaj  it  is  perfectly  feasiblo.  In  fact,  there  is  no  sorvey  required  except  for  the  portion  be* 
tween  Kaman  and  Ewoor.  The  line  from  Bwoor  to  Koorla  woald  be  the  same  as  that  for  the  Bwoor 
and  Tansa  Schemes,  sections  of  which  are  given  on  Plates  ZLin.  and  tlY.  Am  there  are  high  !*»»# 
all  the  way  between  Kaman  and  Swoor,  of  ooone  a  high  level  oondnit  ooold  ba  madt  betwan 
theee  point!. 


would  have  to  start  from  Kamnn  at  (255^  +  18J  +  6^,  or  at)  280  on 
datnm,  and  would  have  to  be  pumped  up  to  this  level  from  170  on  datum. 
The  lift,  therefore,  would  be  110  feet. 

If  the  water  were  thrown  into  the  Lower  Koorla  Reserroir,  it  would 
haye  to  start  from  Kamun  at  240  on  datum,  and  having  to  be  pumped 
to  this  level  from  170  on  datum,  the  lift  would  be  70  feet  only.* 

The  relative  cost  of  the  different  schemes  will  be  seen  presently,  when  the 
estimates  are  given,  but  I  will  first  notice  such  other  points  as  call  for  remark. 

The  land  which  would  have  to  be  taken  up  for  the  Kamun  Reservoir 
would  be  more  expensive  than  that  for  any  other  lake  proposed  in  this 
report.  The  valley  being  exceedingly  flat,  it  is  well  adapted  for  cultiva- 
tion, and  much  grain  and  straw  are  produced  and  taken  elsewhere.  Large 
quantities,  also,  of  firewood  are  sent  into  Bombay.  Li  fact,  there  is  a 
considerable  trade  carried  on  by  means  of  barges  between  Kamun,  which 
is  a  village  of  some  local  importance,  and  the  neighbouring  towns.  Be- 
aides  Kamun  itself,  five  other  villages  would  be  swamped  in  the  event  of 
a  reservoir  being  formed,  and  the  amount  of  compensation  for  all  the 
houses  and  land  and  for  the  loss  of  trade,  would  be  considerable.  Unless 
the  villages  were  removed,  and  the  occupation  of  the  watershed  altogether 
prevented,  objections  would  be  made  toTthe  character  of  the  water,  but,  if 
these  measures  were  adopted,  the  water  would  be  perhaps  not  quite  so 
pure  as  the  present  supply  from  Yehar,  but  still  pure  enough  for  all  prac- 
tical purposes. 

Estimate  No.  1. 

Cost  of  Kamun  Sohame  for  a  supply  of  8^  million  gallons  daily. 

Supply  to  be  pumped  by  turbines  worked  by  the  Ewoor  water.     Dams 

at  Kamun  to  impound  a  one-year's  supply  from  the  valley,  but  equal  to 

16  gallons  per  head  per  diem  for  three  years  for  the  present  population:^ 

Ba 

19  miles  of  condait,  with  a  waterway  5  feet  wide  and  4 
deep,  between  Kamun  and  Koorla,  at  Rs.  80,000  a  mile,     15,20,000 

I  a  mile  of  syphon  pipe  under  Tannah  Greek,  86  inches 
in  diameter,  and  1^  inch  thick,  deliyering  8^  million 
gallons  daily,  and  weighing  510  tons,  at  Ba  160  a  ton,  ••      81,600 

Carried  forward,    ..  16,01,600 

*  No  speclU  larvej  has  been  made  for  thii  low^erel  line.  Thflce  ii  none  reqnirad,  except  for  Um 
portion  between  Ewoor  and  Koorla.  Tho  line  between  Kamnn  and  Ewoor  wonld  be  the  same  as  that 
ahown  in  PkUe  LVII.  Ab  wo  can  havo  a  high  lovol  oouduit  between  Ewoor  oad  Koorla,  of  ouurao 
we  can  haye  a  low  level  one. 
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BS. 
Bronght  forward,         ^         .,      16,01,000 

Tannel  under  Creek 1,50,000 

9^  miles  of  pipe,  from  Eoorla  to  Bombay,  delivering  8^  mil- 
lion gallons  daily,  30  inches  in  diamcfccr,  and  1  inch 
thick,  weighing  790  tons  per  mile,  or  7,606  tons,  at  Rs. 

160a  ton, 12,00,800 

Lower  Koorla  Besenroir,*  with  its  outlet  works  and  waste 

weir, 6,00,000 

No.  1  Dam,  Raman  Rcscnroir  (100  feet  high,  bat  capable 
of  being  raised  to  the  height  of  120  feet),  containing 
5,719,000  cubic  feet  of  rubble  masoniy,  at  Rs.  25  per  100 

cubic  feet, 14,29,760 

No.  2  Dam,  containing  485,200  cubic  feet  of  masonry,!    . .       1,21,300 
Na  3  Dam,  containing  1,164,200  cubic  feet  of  masoniy,    .  •       2,88,540 

Kamun  Waste  Weir,..  1,50,000 

Kamun  Outlet  Works, 90,000 

Ewoor  Dams  and  Outlet  Works  (a  two-years'  supply  from 
the  Ew(x>r  yalley  being  impounded  in  the  lake),  vide 
page  262  of  No.  LXXXL,  Professional  Papers,  Second 

Series,  28,46,000 

Ewoor  Waste  Weir, 1,25,000 

1|  miles  of  conduit  from  Ewoor  Lake  to  Turbine  Pump- 
ing Station,  at  Ks.  80,000  a  mile, 1,20,000 

Turbines  to  ruse  8^  million  gallons  daily,  100  feet  high, 
and  all  pumping  arrangements  and  buildings,    •  •         •  •       8,50,000 

89.72,990 
Add  10  per  cent,  for  contingencics-Hsay 8,97,010 

98,70,000 
Land  for  Kamun  Bcservoir,  channels  and  pipes,  and  com- 
pensation for  houses  and  loss  of  trade, 5,00,000 

Land  for  Ewoor  Beseryoir, 75,000 

Total,  ..         ..  1,04,45,000 
Or,  say,  104^  lakhs  for  13  gallons  per  head  per  diem  for  the  preseni 
population. 

If  the  Ewoor  Dams  were  made  high  enough  to  impound  a  three-years 
supply,  the  cost  for  the  same  quantity  of  water  delivered  would  be  abou 
9  lakhs  more,  or  113^  lakhs. 

*  If  a  tblnnor  notion  tot  the  dtm  be  inaistecl  upon  than  that  ahown  in  PkUt  ZLV.,  tboe  will  b 
a  rednotlon  in  this  item  of  aboat  Be.  76,000. 

t  If  thinner  seotione  than  tlioee  ehown  in  Plate  LTI.  be  inalited  npon  for  Kos.  S  aal  S  ] 
the  zednotlon  in  tbe  two  items  would  amount  to  about  Bs.  1,00,000. 
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Estimate  No.  2. 

For  a  supply  of  13  million  gallons  daily. 

Supply  to  be  pumped  by  turbines  as  before.     Dams  at  Kamun  to  im- 
pound as  before  a  one-year's  supply  from  the  valley  : — 


19  miles  of  condait,  as  before,            15,20,000 

I  a  mile  of  syphon  pipe  under  Tannah  Creek,  42  inches « 
in  diameter,   and  1^  inch  thick,  delivering    18  million 

gallons  daily,  and  weighing  682  tons,  at  Rs.  160  a  ton,  1,09,120 

Tonnel  under  Creek,  as  before,         .  •         •  •         •  •         . .  1,50,000 
9|  miles  of  pipe,  from  Koorla  to  Bombay,  36  inches  in  dia- 
meter, and  1|  inch  thick,  delivering  13  million  gallons 
daily,  and  weighing  1,020  tons  per  mile,  or  9,690  tons,  at 

Rs.l60aton,            15,50,400 

Lower  Koorla  Reservoir  with  its  ontlet  works  and  waste 

weir,  as  before,          ..         ..         ••         ••         ••         ..  5,00,000 

Na  1  Dam,  Kaman  Reservoir,  as  before,      •  •         • .         . .  14,29,750 

No.  2  Dam,  Eamon  Reservoir,  as  before,      ••         ••         ••  1,21,300 

No.  3  Dam,  Kamun  Reservoir,  as  before,      • 2,88,540 

Kamun  Waste  Weir,  as  before,           ..  1,50,000 

Kamun  Outlet  Works  Weir,  as  before,          ••         ••        ••  90,000 

Ewoor  Dams  and  Outlet  Works,  as  before, 28,46,000 

Ewoor  Waste  Weir,  as  before,            1,25,000 

14  miles  of  conduit,  as  before,..         ••         • 1,20,000 

Turbines   and  Pumping   arrangements  and   Buildings  to 

raise  13  million  gallons  100  feet  high  daily,        •  •        . .  5,00,000 

95,00,110 
Add  10  per  cent  for  contingencies— say,     •  •        ••      9,50,890 

1,04,51,000 
Land,  as  before— viz.,  ••        ••        5,75,000 

Total,    ..        ..1,10,26,000 

Or,  say,  110^  lakhs  for  20  gallons  per  head  per  diem  for  the  present 
population. 

As  before,  it  must  be  borne  in  mind  that  the  Ewoor  Dams  have  been 
estimated  to  impound  a  two-years'  supply  only,  and  for  a  three-years'  sup- 
ply about  9  lakhs  must  be  added  to  this  estimate. 


!• 
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Estimate  No,  3. 

For  a  supply  op  ovkb  17  millioh  galloks  daily. 

Supply  to  be  pumped  by  tarbines  as  before.     Dams  to  impoond  a  one- 
year's  supply  from  the  valley  as  before : — 

bs. 

19  miles  of  conduit,  as  before,           15;20,000 

I  a  mile  of  syphon  pipe  under  Tannah  Creek,  48  inches  in 
diameter.  14  inch  thick,  delivering  over  17  million  gal- 
lons daily,  and  weighing  880  tons,  at  Rs.  160  a  ton,     . .  1,40,800 

Tunnel  under  creek,  as  before,           1,50,000 

9i  miles  of  pipe  from  Koorla  to  Bombay,  42  inches  in  dia- 
meter, and  H  inch  thick,  delivering  over  17  million  gal- 
lons daily,  and  weighing  1,860  tons  per  mile,  or  12,958 

tons,  at  Rs.  160  a  ton,         20,73,280 

Lower  Koorla  Reservoir,  with  its  Outlet  Works  and  Waste 

Weir,  as  before,        5,00,000 

No.  1  Dam,  Kamun  Reservoir,  as  before, 14,29,750 

No.  2  Dam,  Kamun  Reservoir,  as  before, 1,21,300 

No.  3  Dam,  Kamun  Reservoir,  as  before, 2,88,540 

Kamun  Waste  Weir,  as  before,        1,50,000 

Kamun  Outlet  Works,  as  before,       90,000 

Ewoor  Dams  and  Outlet  Works,  as  before,  .  •         •  •         • .  28,46,000 

Ewoor  Waste  Weir,  as  before,          1,25,000 

14  miles  of  conduit,  as  before,        1,20,000 

Turbines  to  raise  over  17  million  gallons  daily  100  feet  high, 

and  all  pumping  arrangements  and  buildings,     . .         •  •  6,50,000 

1,02,04,670 
Add  10  per  cent,  for  contingencies— say,      •  •        •  •     10,20^30 

1,12,26,000 
Land,  as  before  ••        ••        ••        • 5,75,000 

Total 1,18,00,000 

Or,  118  lakhs  for  26  gallons  per  head  per  diem  for  the  present  population. 
And  if  a  three-years'  supply  were  stored  in  Ewoor  for  pumping  pur- 
poses, the  cost  would  be  about  127  lakhs. 

Estimate  No,  4. 

Fob  a  supply  of  8^  million  qallons  daily. 

Supply  to  be  pumped  by  steam  in  Bombay.    Dams  at  Kamon  to  iin< 
pound|  as  before,  a  one-year's  supply  from  the  ralley :— 
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24 1  miles  of  condait,  with  a  waterway  5  feet  wide  and  4  deep, 

between  Kamaa  and  Bombay,  at  Rs.  80,000  a  mile,       ..     10,60,000 
I  a  mile  of  syphon  pipe  under  Tannah  Creek,  36  inches  in 
diameter,  and  1|  inch  thick,  deliyering  8^  million  gallons 
daily,  and  weighing  510  tons,  at  Rs.  160  a  ton,  . .         . .  81,600 

Tnnnel  nnder  Creek, 150,000 

4  miles  of  pipe,  for  the  low  ground  about  Eoorla  and  in  the 
island,  36  inches  in  diameter,  and  1^  inch  thick,  deliver- 
ing 8^  million  gallons  daily,  and  weighing  1,020  tons  per 

mile,  or  4,080  tons,  at  Rs.  160  a  ton,         6,52,800 

Na  1  Dam,  Kamun  Reservoir,  as  before,       •  •        •  •         • .     14,29,750 

No.  2  Dam,  Kamun  Reservoir,  as  before, 1,21,300 

No.  3  Dam,  Kamun  Reservoir,  as  before, •       2,88,540 

Kamun  Waste  Weir,  as  before,  1,50,000 

Kamun  Outlet  Works,  as  before,        90,000 

Engines  of  300  nominal  horse-power,*  to  raise  8^  million 
gallons  daily  125  feet  high,  at  Ra  1,800  per  horse-power, 
including  erection  and  everything,  . .         • .         • .      5,40,000 

Engine-houses,  boiler-houses,  coal-sheds,  stand  pipes,  and 

all  arrangements  in  Bombay,  • 3,00,000 

Service  Reservoirs  f  in  Bombay,        5,00,000 

62,63.990 
Add  10  per  cent  for  contingencies — say,      ••         • .      6,26,010 

68,90,00C 
Land  at  Kamun,  and  for  conduits  and  pipes,  •  •  •  •  5,00,000 
Cost  of  fuel  for  raising  8^  million  gallons  daily,  125  feet 
high,  on  the  supposition  that  the  average  duty  %  of  the 
engines  is  40,000,000  pounds  raised  a  foot  high  with  a 
bushel  94  pounds  of  coal,  or,  say,  4,000  tons  of  coal 
yearly,  at  Rs.  30  a  ton,  §  amounting  to  Rs.  1,20,000 
yearly,  and  supposing  this  sum  capitalised  at  6  per 
cent, 20,00,000 

Total,        ..         ..     93,90,000 
Or,  say,  94  lakhs  of  rupees  for  13  gallons  per  head  per  diem  for  the 
present  population. 

*  The  actual  horao-power  by  calculation  Is  only  about  920,  but  we  must  have  aome  icaoite  of 
power  for  oontingenciea. 

t  If  theae  were  dispenaed  with,  the  engine-power  ahould  be  increased  by  about  100  horae-power, 
but  aerrice  reaervoirs  irould  be  preferable  for  ao  large  a  town. 

%  The  average  duty  for  a  whole  year  of  the  enginea  at  the  Sewage  pnmplng-ttation  at  Groesnesa 
baa  been  75,000,000  foot  pounds,  but  I  assume  that  the  ooal  in  Bombay,  will  not  produce  more  than 
the  above  useful  effect  I  think  this  is  fair,  but  I  am  aware  that  many  are  of  opinion  that  coal 
loses  fully  half  its  power  in  India.  The  average  duty  of  Cornish  engines  is  only  60,000,000  foot 
pounds,  and  the  half  of  this  would  be  but  30,000,000  foot  pounds. 

9  The  price  of  coal  variea  from  year  to  year,  and  is  excepUonally  high  at  thismoment;  bit  Z 
tkink  Bs.  10  a  ton  (airly  repnitQ&ta  the  average  ooat. 
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If  coals  were  at  Rs.  35  a  ton,  the  cost  for  the  same  quantity  of  f 
raised  127)  feet  high,  woiihi  he  07  lakhs. 

If  tlie  water  were  raised  100  feet  high  only,  and  coals  were  at  I 
a  ton,  the  cost  of  the  project  for  8^  million  gallons  daily,  would  be  i 
8S  lakhs  altogether. 

If  the  water  were  raised  100  feet  high,  and  coals  were  at  Bs  35  a 
the  cost  for  the  same  quantity  would  be  about  91  lakhs. 

Estimate  No,  5. 

For  a  supply  of  13  million  gallons  daily. 

Supply  to  be  pumped  by  steam  in  Bombay.  Dams  at  Kamun,  as  bei 
to  impound  a  one- year's  supply  from  the  valley : — 

Ba 

244  °^il<^s  of  comlait,  as  before,  19,(»0,000 

4  a  mile  of  syphon  pi\)o  under  Creek,  43  inches  in  diame- 
ter, And  l\  inches  thick,  delivering  13  million  g^lons 
daily,  and  weit;hing  682  tons,  at  Rs.  IGO  a  ton,  .  •  . .       1,09,120 

Tunnel  under  Creek,  as  before,  1,50,000 

4  miles  of  ])ipe,  for  the  low  ground  about  Koorla  and  in 
the  island,  42  inches  in  diameter,  and  1}  inches  thick, 
delivering  13  million  gallons  daily,  and  weighing  I,3G4 
tons  per  mile,  or  5,45G  tons,  at  lis.  IGO  a  ton,      . .  . .       8,72,960 

No.  1  Dam,  Kumun  licscrvoir,  as  before, 14,20,750 

No.  2  Dam,  Kamun  Reservoir,  as  before 1,21,300 

No.  3  Dam,  Kainan  Reservoir,  as  before 2,8.<^,540 

Kamun  Waate  Weir,  as  before,  1,50,000 

Kamun  Outlet  Works,  as  before,        90,000 

Engines  of,  say,  450  nominal  horse-power,*  to   raise  13 
million  gallons  daily,  125   feet  high,  at   Rs.  1,800  por 
horse-power,  including  erection  and  everything,  •  •         •  •       8,10,000 
Engine-houses,  boiler-houses,  coal-sheds,  stand  pipes,  and  all 

arrangements  in  Bombay, 8,50,000 

Service  Reservoirs  in  Bombay,  5,00,000 

68,31,670 
Add  10  per  cent  for  contingencies — say,         •  •         •  •       6,83,830 

75,15.000 
Land  at  Kamun,  and  for  conduits  and  pipes,  •  •         •  •      BflOflOO 

Cost  of  fuel  for  raising  13  million  gallons  daily  125  feet 
high ;  say,  6,200  tons,  at  Rs.  30  a  ton,  or  Rs.  1,86,000 
yearly,  representing,  at  6  per  cent,  a  capital  of   •  •         *  •     81,00,000 

Total 1,11,15,000 

*  The  Aotnftl  hono-power  by  calcnlation  oomM  to  about  340,  bot|  aa  befora^  wa  muafe  allow  J 
coPtingiipciti. 
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Or,  say,  111^  lakhs  of  rupees  for  20  gallons  per  head  per  diem  for  the 
present  population. 

If  coals  were  at  Rs.  85  a  ton,  the  cost  for  the  same  quantity  of  water 
raised  125  feet  high,  would  be  116^  lakhs. 

If  the  water  were  raised  100  feet  high  only,  and  coals  were  at  Es.  80 
per  ton,  the  cost  of  the  project  for  18  million  gallons  would  be  about 
102  lakhs  of  rupees. 

If  the  water  were  raised  100  feet  high,  and  coals  were  at  Bs.  86  a  ton, 
the  cost  for  the  same  supply  would  be  about  107  lakhs. 

Estimate  No,  6. 
For  a  supply  of  17  million  gallons  dailt. 

Supply  to  be  pumped  by  steam  in  Bombay.  Dams  at  Eamun,  as  be- 
fore, to  impound  a  one-year's  supply : — 

24}  miles  of  conduit,  as  before,         19,60,000 

i  a  mile  of  STphon  pipe  ander  Creek,  48  inches  in  diameter, 
and  1}  inches  thick,  delivering  over  17  million  gallons 
daily,  and  weighing  880  tons,  at  Rs.  160  a  ton,  ••         •«      1,40,800 

Tannel  under  Creek,  as  before,  1,50,000 

4  miles  of  pipe  lor  the  low  groand  about  Eoorla  and  in  the 
island,  48  inches  in  diameter,  and  1}  inches  thick,  deliyer- 
ing  over  17  million  gallons  dailj,   and   weighing  1,760 
tons  per  mile,  or  7,040  tons,  at  Rs.  160  a  ton,      . .         • .     11,26,400 
Na  1  Dam,  Eamon  Reservoir,  as  before,  ••         ••     14,29,750 

No.  2  Dam,  Eamun  Reservoir,  as  before, 1,21,800 

No.  8  Dam,  Eamun  Reservoir,  as  before,  •  •         •  •      2,88,540 

Kamun  Waste  Weir,  as  before,         1,50,000 

Kamun  Outlet  Works,  as  before,        90,000 

Engines  of,  say,  600  nominal  horse-power,*    to  raise  17 
million  gallons  daily,  125   feet  high,  at  Ra  1,800  per 
horse-power,  including  everything,  •  •         •  •         •  •     10,80,000 

Engine-houses,  boiler-houses,  coal-sheds,  8tand-pipea»  &c, 
and  all  arrangements  in  Bombay,    •  •         •  •         •  •        • .      4,00,000 

Service  Reservoirs  in  Bombay,  5,00,000 

74,86,790 
Add  10  per  cent  for  contingencies— say,    . .        •  •  7,43,210 

81,80,000 
Land  at  Eamun  for  conduit  and  pipes,  as  before,  •  •  .  •      5,00,000 

Cost  of  fuel  for  raising  17  million  gallons  daily,  125  feet 
high,  say,  8,000  tons,  at  Rs.  80  a  ton,  or  Rs.  2,40,000 
yearly,  representing,  at  6  per  cent,  a  capital  of    . .        • .    40,00,000 

Total,  ..  ..1,26,80,000 

•  The  actual  hcrM-powv  by  caJcolatimioMBM  to  about  410. 
TOL.    H.^BCOMD   SERIES.  3   B 
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Or,  say,  127  lakbs  for  26  gallons  per  head  per  diem  for  the  preseii 
population. 

If  coals  were  at  Bs.  85  a  ton,  the  cost  for  the  saxoe  supply,  raised  125 
feet  Ligh,  would  be  about  133^  lakhs. 

If  the  water  were  raised  100  feet  high  only,  and  coals  were  at  Rs.  30 
per  ton,  the  cost  of  the  project  for  17  million  gallons  would  be  about 
116 J  lakhs. 

If  the  water  were  raised  100  feet  high,  and  coals  were  at  Rs.  85  a  too, 
the  coist  for  the  same  supply  would  be  about  122  lakhs. 

Estitnate  No.  7. 

For  a  supply  of  8^  million  gallons  daily. 

Supply  to  be  pumped  by  steam  at  Kaman,  and  to  flow  into  the  Lower 
Koorla  Reservoir.  Dams  to  impound  a  three-years'  supply  from  lb? 
Talley  : — 

KS. 

li^  miles  of  condait,  as  per  Estimate  No.  I,  •  r         • .          . .  15,20,000 

\  a  mile  of  syphon  pipe  umlcr  Creek,  ditto, 81,C0O 

Tunnel  under  Creek,  ditto,       , 1,50,000 

9)  mites  of  pipe  from  Koorla,  ditto, 12,00,800 

Lower  Koor la  Reservoir,  ditto,           • »        SfiOjOOO 

No.  1  Dam,  Koiimn  Reservoir  (120  feet  high),  containing 

6,500,000  cubic  feet  of  mnsoniy,  at  Rs.  25  per  100  cubic 

feet, 16,25.000 

No.  2  Dam,  containing  750,500  cubic  feet,    ••         «•         ••  1,87,625 

No.  3  Dam,  containing  1,98G,400  cubic  feet,             ..         •  •  4,96,600 

Kamun  Waste  Weir, 1,50,000 

Kamuu  Outlet  Works, 1,50,000 

Engines  of  200  nominul  horse-power,*  to  raise  8}  million 

gallons  daily,  70  feet  high,  at  lis.  1 ,800  per  horse-power,  . .  ZfiOfJOO 
Euginc-houses,   boiler-houses,   and   all   arrangements   at 

Kamun,           «.         •»  2,00,'00O 

66,21.625 
Add  10  per  cent  for  contingencies— say,       •  •         •  •      6,62,875 

72,84,000 
!Land  at  Kamun,  and  for  condiuts  and  pipes,          .  •         • .      5,00,000 
Cost  of  fuel  for  raising  8^  million  gallons  daily,  70  feet 
high,  say  2,160  tons,  at  Rs.  30  a  ton,  or  Rs.  64,800  yearly, 
xtpresenting,  at  6  per  cent.,  a  capital  of 10,80,000 

Total,    ..        ..    88,64,009 

*  Tte  actual  power  nqiaixod  by  calCBlalton  Is  »UtUeo?«r  139^ 
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Or,  say,  88  J  lakhs  of  rupees  for  13  gallons  per  head  per  diem  for  tha 
present  population. 

If  coal  be  taken  at  Rs.  35  per  ton,  the  cost  for  the  same  quantity  of 
water  would  be  about  90  lakhs. 

Estmate  No.  8. 

For  a  supply  of  13  million  gallons  daily. 

Supply  to  be  pumped  at  Kamun,  and  to  flow  into  the  Lower  Koorlft 
Reservoir.     Dams  to  hiipoynd  a  three-years*  supply  from  the  valley  : — 

BS. 

19  miles  of  conduit,  as  per  Estimate  Ko.  2,  . .        • «        • .  15,20,000 

I  a  mile  of  syphon 'pipe  nnder  Creek,  ditto, 1,09,120 

Tunnel  nn<fer  CreeX  ditto, ••         ..  1,50,000 

9^  miles  of  pipe  from  Koorla,  ditto,  ..         .  •'       ..         ••  15,50,400 

Lower  Koorla  Reservoir,  as  before,    ••        .•        ..         ••  5,00,000 

'So,  1  Dam,  Kamnn  Reservoir  (120  feet  high),  as  before^  ..  16,25,000 

Ko.  2  Dam,  Eamun  Reservoir  (120  feet  high),  as  before,  • .  1,87,625 

Uo.  3  Dam,  Kamun  Reservoir  (120  feet  high),  as  before,  . .  4,96,600 

Kamun  Wasle  Welir, "      ..         •.  1,60,000 

Kamnn  Outlet  Works 1,50,000 

Engines  of,  say,  260  nominal  horse-power,*  tc  raise  13  mil- 
lion gallons,  70  feet  high,  at  Rs.  1,800  per  horse-power, .  •  4,68,000 
Bngine-honses,   boiler-houses,   and    all    arrangements    at 

Kamnn,          2,00,000 

71,06,745 
Add  10  per  cent,  for  contingencies— «%y,  .  •        •  •      7,10,255 

78,17,000 
Land  at  Kamun,  and  for  conduits  and  pipes,           • .         •  •      5,00,000 
Costof  fuel  for  rusing  13  million  gallons  daily,  70  feet  high, 
say  3,400  tons,  at  Rs.  30  per  ton.  or  Rs.  1,02,000  yearly, 
representing,  at  6  per  cent,  a  capital  of •     17,00,000 

Total,.  •        «.  1,00,17,000 

Or^  say,  100^  lakhs  of  rupees  for  20  gallons  per  head  per  diem  for  the 
present  population. 

If  coal  be  taken  at  Rs.  35  per  ton,  the  cost  for  the  same  quantity  of 
.  water  would  be  about  102  lakhs. 

*  Ibeadoal  faone-poTFer  i6  fay  oaloulatioD  aboat  19^ 
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Estimate  No.  9. 

Fob  a  supply  of  17  xilliost  gallons  daily. 

Supply  to  be  pumped  bj  steam  at  Kammi,  and  to  flow  into  the  L 
Koorla  Reservoir.  Dams  to  impound  a  three-years'  sapply  from 
valley : —  bs. 

19  miles  of  condait,  as  per  Estimate  No.  3, 15,20,000 

)  a  mile  of  syphon  pipe  ander  Creek,  as  per  Estimate  Na  3,  1,40,800 

Tannel  nnder  Creek,  as  per  Estimate  No.  3,            .  •         • .  1,50,000 

9]  miles  of  pipe  from  Koorla,  as  per  Estimate'Ko.  8,         •  •  20,73,280 

Lower  Koorla  Rosenroir,  as  before 6,00,000 

No.  1  Dam,  Kaman  Reservoir  (120  feet  high),  as  before,  . .  16,25,000 

Na  2  Dam,  Kamon  Reservoir,  as  before, 1,87,625 

Na  3  Dam,  Kamon  Reservoir,  as  before, 4,96,600 

Kamun  Waste  Weir, 1,50,000 

Kamun  Outlet  Works, 1,50,000 

Engines  of  350  nominal  horse-power,*  to  raise  17  million 

gallons  daily,  70  feet  high,  at  Rs.  1 ,800  per  horse-power, . ,  6,30,000 
Engine-houses,   boiler-houses,    and    all   arrangements    at 

Kamon,         2,00,000 

78,23,805 
Add  10  per  cent  for  contingencie»— say,  •  •        •  •      7,82,695 

86,06,000 
Land  at  Kamon,  and  for  condoits  and  pipes,          . .         •  •       5,00,000 
Cost  of  foel  for  raising  17  million  gallons  daily,  70  feet  high, 
say  4,500  tons,  at  Rs.  30  a  too,  or  Rs.  1,35,000  yearly, 
representing,  at  6  per  cent,  a  capital  of 22,50,000 

Total,    ••  1,18,56,000 


'I*  Or,  say,  113^  lakhs  for  26  gallons  per  head  per  diem  for  the  pre 

\\  population. 

If  coal  be  taken  at  Rs.  35  per  ton,  the  cost  for  the  same  qnantit 
water  woold  be  about  117^  lakhs. 

EstimaU  No.  10. 

Fob  supplt  of  8\  milliok  gallons  daily, 

'» [  Supply  to  be  pumped  by  steam  at  E^amun,  and  to  flow  into  the  Uj 

;t|  »TheaBfaialhctw-pow«wgnlggdlyoi]cnlstfgntoaboplM^ 
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Koorla  Reservoir.      Dams  to  impound  a  three-years'  supply  from  the 
yalley : — 

B& 

18|  miles  of  condnit,  at  Ks.  80,000  a  mile,  . .        .  •        . .     14,60,000 
1^  mile  of  syphon  pipe  (ond^r  Creek  and  along  depression 
in  the  hills),  36  inches  in  diameter,  and  1|  inch  thick,  de- 
livering 8^  million  gallons  daily,  and  weighing  1,020  tons 

per  mile,  or  1,275  tons,  at  Rs.  160  a  ton, 2,04,000 

Tnnnel  under  Creek,  as  before,        1,60,000 

9|  miles  of  pipe,  from  Koorla  to  Bombay,  28  inches  in  dia- 
meter, and  1  inch  thick,  delivering  8^  million  gallons 
daily,  and  weighing  720  tons  per  mile,  or  6,840  tons^  at 

Rs.l60aton 10,94,400 

Upper  Koorla  Reservoir,  as  before, 8,00,000 

Ko.  1  Dam,  Kamun  Reservoir  (120  feet  high),  as  before, .  •  16,25,000 
Na  2  Dam,  Kamun  Reservoir  (120  feet  high),  as  before, .  •  1,87,625 
Na  3  Dam,  Kamun  Reservoir  (120  feet  high),  as  before,  . .       4,96,600 

Kamun  Waste  Weir,  as  before,        1,50,000 

Kamun  Outlet  Works,  as  before, 1,50,000 

Engines  of,  say  260  horse-power,*  nominal,  to  raise  8J  mil- 
lion gallons,  110  feet  high,  at  Rs.  1,800  per  horse-power,      4,68,000 
Engine-houses,  boiler-houses,  and  all  arrangements  at  Ka- 
mun,    2,00,000 

64,85,625 
Add  10  per  cent  for  contingencies— say,    •  •        •  •      6,48,375 

71,34,000 
Land  at  Kamun,  and  for  conduits  and  pipes,        .  •  .     . .      5,00,000 
Cost  of  fuel  for  raising  8}  million  gallons  daily,  110  feet 
high,  say  3,400  tons,  at  Rs.  30  a  ton,  or  Rs.  1,02,000  year- 
ly, representing,  at  6  per  cent,  a  capital  of        •  •         •  •      17,00,000 

Total,..         ..    93,34,000 

Or,  gay,  93^  lakhs  of  rupees  for  13  gallons  per  head  per  diem  for  the 
present  population. 

If  coal  be  taken  at  Hs.  35  per  ton,  the  cost  for  the  same  quantity  of 
water  daily  would  be  about  96^  lakhs. 

Eatimate  No.  11. 
Fob  a  supply  of  13  million  gallons  daily. 
Hupply  to  be  pumped  by  steam  at  Kamun,  and  to  flow  into  the  Upper 
*  TlMi6toalhon0-pow«rbj«loolaUoaif  alitttoorerlM. 
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>  Koorla  Kesen'oir.     Dams  to  impound  a  three -years*   snpplj  from  1 

Tallcj : — 

BS. 

18^  miles  of  cnn<lnit.  as  per  previons  Estimate,       • .  . .     14,60,000 

1^  milcA  of  Ay{ihon  pipe  (umlcr  Creek  and  alon^  depres- 
sion in  hWU),  42  inches  in  diameter,  and  1^  inch  thick, 
d'-livpfin;;  \?,  million  pall«>ns  daily,  and  weighinjj  1^04 
»  t'^:^-  Tfr  mil*',  rr  1.70.";  t-iih,  at  H^.  ICO  a  ton,       . .  . .        2,72..^ K) 

Tunnel  umlcr  Creek,  a.*  be forc,  ..         ..  ..  ..        1,50,000 

Oi  miles  of  pif)e  fn>m  Koorla  to  Bombay,  03  inches  in  dia- 
mctiT,  and  li  in<h  thick,  delivcrin;;  13  million  }L-alIons 
daily,  ami  wcij^hing  924  tons  per  mile,  or  8,7 7S  tons,  at 

Ks.  ICOaton,  ..     ]4,04,'l.<^ 

UpiKrr  Koorla  Keservoir,  as  before, . .       3,<X),000 

Ko.  1  Dam,  Kamun  Reservoir,  as  before,      . .  . .  . .      16.25,000 

No.  2  Dam,  Kamun  Reservoir,  as  before,      ..  ..  ..        1,87,625 

No.  3  Dam,  Kamun  Reservoir,  as  before,      .  •  . .  • .       4,1)6.(100 

Kamun  Waste  Weir,  as  before,  ••         ••  ••  ••        l,50.1f00 

Kamun  Outlet  Works,  as  before, 1,50,000 

En;:infs  of,  say,  400  nominal  horse-power,*  to  raise  13  mil- 
lion ;;all«>ns,  1  H)  feet  bi;,'h,  at  Rs.  l.SiV)  per  horse-power,       7,20,000 
£n};ine-houscs,  boiler-houses,  and  all  arrangements  at  Ka- 
mun,     2,00,000 

71,16,505 
Add  10  per  cent  for  contingencies— say,         •  •  • .       7,1 1,495 

Land  at  Kamun,  and  for  conduits  and  pipes,            . .          •  •  78,27,1)00 
Cost  of  fuel  for  raising  13  million  gallons  daily,  110  feet  o,00,000 
•                                                high,  say,  5,400  tons,  at  Rs.  30  a  ton,  or  Rs.  1,62,000  year- 
ly, representing,  at  6  per  cent,  a  capital  of          .  •          • .  27,00,000 

I  Total,     ..  ..  1,10^8,000 

Or,  Bay,  110 J  lakhs  for  20  gallons  per  head  per  diem  for  the  prcsci 
J  population. 

,  If  coal  be  taken  at  Rs.  35  per  ton,  the  cost  for  the  same  quantity  i 

]  water  would  be  nearly  115  lakhs. 


';  Eatimate  No.  12. 

.1 

I  For  a  supply  of  17  million  gallons  daily. 

|l  Supply  to  be  pumped  by  steam  at   Eamuo,  and  to  flow  into  tl 

j 

ji  •  Tko  oatailatod  powv  is  soo. 
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Upper  Koorla  Reservoir,     Dams  to  impound  a  three-years'  supply  from 
the  valley : — 

BS. 

18  J  miles  of  conduit,  as  per  previons  Estimate,       •  •         .  •     14,60,000 
1 J  mile  of  sjrphon  pipe  (under  Creek  and  along  depression 
in  hills),  48  inches  in  diameter,  and  1|  inch  thick,  deliver- 
ing 17  million  gallons  daily,  and  weighing  1,760  tons  per 
mile,  or  2,200  tons,  at  Rs.  160  a  ton,         . .         .  •         . .       8,52,000 

Tunnel  under  Creek,  as  before,  1,50,000 

9^  miles  of  pipe,  from  Koorla  to  Bombay,  39  inches  in  dia- 
meter, and  1^  inch  thick,  delivering  over  17  million  gallons 
daily,  and  weighing  1,260  tons  per  mile,  or  11,970  tons,  at 

Rs.  leOaton 19,16,200 

Upper  Koorla  Reservoir,  as  before, 8,00,000 

Ko.  1  Dam,  Kamun  Reservoir,  as  before,       ••         ••         ••     16,25,000 

Ko.  2  Dam,  Kamun  Reservoir,  as  before, 1,87,625 

No.  3  Dam,  Kamun  Reservoir,  as  before,      « 4,96,600 

Kamun  Waste  Weir,  as  before,  1,60,000 

Kamun  Outlet  Works,  as  before,       1,50,000 

Engines  of,  say,  600  nominal  horse-power,*  to  raise  17  mil- 
lion gallons  110  feet  high,  at  Rs.  1,800  per  horse-power,         9,00,000 
Engine-houses,    boiler-houses,  and  all  arrangements  at  Ka- 
mun,           ••         ..         •.       2,00,000 

78,86.425 
Add  10  per  cent  for  contingencies — say,  ••         ••      7,88,675 

86,75,000 
Land  at  Kamun,  and  for  conduits  and  pipes,           • .         .  •      5,00,000 
Cost  of  fuel  for  raising  17  million  gallons  daily,  110  feet 
high,  say  7,100  tons,  at  Rs.  30  a  ton,  or  Rs.  2,13,000  yearly, 
representing  a  capital  of 36,60,000 

Total,     ..         ..  1,28,25,000 
Or,  128^  lakhs  for  26  gallons  per  head  per  diem  for  the  present  popula- 
tion. 

If  coal  he  taken  at  Rs.  35  per  ton,  the  cost  for  the  same  quantity  of 
i?ater  would  be  about  134  lakhs. 

H.T. 


*  The  borse-poWer  rocpiired  by  calculation  is  trret  a99« 
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SUMMARY  OF  PROJECTS  FOR  "THE  WATER-SITPLT 
OF  BOMBAY.' 


By  Major  Hector  Tclloch,  R.E. 


I  HAVE  now  ipven  snch  an  accoant  of  what  has  alreadj  been  writien  asl 
done  with  rpgari  to  the  wat^r-anp^lj  of  iv^mbay  as  will  enable  the  reaJ- 
er  to  un'l':rstand  the  fositi-.n  in  which  the  question  at  present  stanis- 
I  hare  giren  such  a  description  of  the  sarronnding'  coontrj  as  should 
enable  him  to  form  an  opinion  on  the  facilities  for  storing  water  which 
the  different  vallej-  afT^rd,  and  on  the  means  which  woald  probablj  hare 
to  be  resorted  to,  in  order  to  bring  it  to  B^mbaj.  I  hare,  I  trust,  de- 
monstrated the  snperioritj  of  masonry  orer  earthen  dams,  of  condcits 
over  iron  pipe?,  and  shown  the  desirability  of  making  an  experiment  on 
the  feasibility  of  rock  syphons,  and  of  keeping  onr  pipes  above  ground. 
And  lastly  I  have  shown,  with  as  mnch  exactness  as  the  question  admits 
of,  the  capabilities  for  supply  of  those  particular  valleys  which,  after 
careful  investigation,  seem  the  most  promising  for  our  purposes,  and  I 
have  furnished  estimates  of  the  probable  cost  which  will  have  to  be  in- 
curred to  make  the  supply  from  any  one  of  these  valleys  available  for  the 
town. 

It  is  now  necessary  to  summarize  the  results  arrived  at,  in  order  that 
the  reader  may  the  more  easily  make  a  comparison  between  the  different 
projects  submitted  to  his  judgment. 

The  quantity  of  water  obtainable  from  the  Eenneiy  valley  is  about  13 
gallons  per  head  per  diem,  for  the  present  populatbn.  To  store  a  one- 
yearns  supply  will  require  a  dam  130  feet  high — a  two-years'  supply ,  one 
of  155  feet— 4uid  a  three-years*  supply,  one  of  172  feet.    And  the  ooit 


of  the  project  will  be,  in  the  first  case,  40J— in  the  second,  47|— and  in 
the  third,  about  54  lakhs. 

Toolsee  offers  ns  no  more  than  5^  gallons  per  head  per  diem,  for  the 
present  population,  with  dams  77,  92,  and  105  feet  high,  for  a  one,  two 
and  three-years*  supply,  respectively,  and  the  cost  in  the  first  case  would 
be  21^,  in  the  second  25,  and  in  the  third  28  lakhs. 

Ewoor  could  supply  10  gallons  per  head  per  diem,  with  dams  124,  141, 
and  155  feet  high.  The  cost  of  this  supply  would  be  56^  lakhs  with  the 
first  dam,  64  lakhs  with  the  second,  and  7df  lakhs  with  the  third. 

From  Tansa  could  be  obtained  140  gallons  per  head  per  diem,  for  the 
present  population,  but  to  store  this  quantity  at  first  would  be  absurd. 
A  dam  95  feet  high  would  impound  nearly  as  much  water  as  we  now 
have  in  the  Yehar  Lake,  and  the  cost  of  supplying  18,  20,  and  26  gallons 
per  head  daily  would  be  87,  99 1,  and  115^  lakhs,  respectively. 

The  quantity  of  water  which  might  be  got  from  the  low  level  reservoir, 
Eamun,  is  48  gallons  per  head  daily,  but  in  this  case,  also,  it  would  be 
absurd  at  first  to  deliver  such  a  supply  to  the  town.  The  Eamun  water 
could  be  made  available  by  various  means.  If  pumped  by  the  water  in 
the  Ewoor  Lake,  the  cost  of  18,  20,  and  26  gallons  per  head  daily  would 
be  104),  110^,  and  118  lakhs,  respectively.  But  if  the  Eamun  supply 
were  pumped  in  Bombay  125  feet  high,  with  coals  at  Rs.  80  per  ton,  the 
cost  for  the  different  quantities  above  would  be  94,  111:|,  and  127  lakhs, 
respectively ;  but  with  coals  at  Rs.  85  per  ton,  the  cost  would  be  97, 116|, 
and  188)  lakhs.  If  pumped  100  feet  high,  with  coal  at  Rs.  80  a  ton,  the 
cost  would  be  88,  102,  and  116|  lakhs;  but  with  coal  at  Rs.  85  a  ton, 
the  cost  would  be  91,  107,  and  122  lakhs. 

Again,  if  the  water  were  pumped  at  Eamun,  with  ooal  at  Rs.  80  a 
ton,  and  delivered  to  Bombay  from  the  Lower  Eoorla  Reservoir,  the  ooet 
would  be  88|,  100^,  and  118^  lakhs;  but  with  coals  at  Rs.  85,  the  coat 
would  be  90,  102,  and  117^  lakhs  for  18,  20,  and  26  gallons  per  head 
daily. 

Lastly,  if  the  water  were  pumped  at  £[amun  and  delivered  to  Bombay 
from  the  Upper  Eoorla  Reservoir,  the  cost,  with  coal  at  Rs.  80  per  ton, 
would  be  93|,  110^  and  128;)  lakhs,  but  with  coal  at  Rs.  85  a  ton,  96^, 
115,  and  184  lakhs. 

The  accompanying  table  shows,  at  one  view,  the  cost  of  all  the  different 
projects. 
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I  think  it  mast  be  manifest  to  ererj  one  who  gives  bnt  a  few  miDiitet' 
consideration  to  the  sabject,  that  it  would  be  a  mistake  for  the  Bench  to 
carrj  out  a  scheme  with  a  dam  to  be  raised  no  higher  than  sufficient  to 
impound  a  one-year's  supply  from  any  of  the  smaller  Tallejs.  Tlie  failan 
of  a  single  monsoon  would,  in  such  a  case,  canse  the  snpplj  to  the  towa 
to  be  suspended.  A  two-years'  supply  seems  to  me  to  be  the  verj  least 
which  should  be  impounded.  In  such  a  case  two  soccessiye  failares  of  the 
monsoon  must  occur  before  the  water  could  be  consumed,  and  I  think  then 
are  objections  to  a  scheme  with  a  reservoir  of  eren  snch  capacity.  In  coa- 
sidering  the  different  projects,  this  point  should  hare  its  weight  We 
will  take  the  projects  in  the  order  exhibited  in  the  table. 

The  Toolsee  Valley  not  being  capable  of  giving  us  more  than  S|  mil- 
Hon  gallons  yearly,  we  cannot  look  to  it  as  a  permanent  source  for  increasing 
the  supply  of  the  town.  If  any  one  of  the  Toolsee  Projects  is  carried  oat, 
it  will  hardly  give  sufficient  relief  to  the  town  even  at  present,  and  we  shall 
be  compelled  to  adopt  some  other  scheme  in  addition.  We  may,  therefore, 
assume  that,  however  desirable  the  Toolsee  Scheme  may  be  in  itself,  it 
cannot  be  considered  as  a  solution  of  the  water-supply  question. 

Let  us  analyze  the  Ewoor  Project.  To  impound  only  a  one-year*8  supply 
being  absurd,  it  would  cost  us,  with  a  dam  impounding  a  two-years'  sap- 
ply,  G4  lakhs  to  obtain  6^  million  gallons  daily  from  this  yalley.  Theie 
are  four  objections  to  the  adoption  of  this  scheme.  It  is  incapable  of  ex- 
tension. Its  cost,  in  proportion  to  the  quantity  of  water  supplied,  would 
be  very  great.  The  main  dam  would  require  to  be  built  at  once  141  feet 
high.  And,  in  the  eyent  of  two  failares  of  the  monsoon,  no  water  woald 
be  obtained  from  it.  On  these  considerations,  and  remembering  that  by 
the  expenditure  of  a  few  more  lakhs,  we  might  secure  far  greater  advanti^ges 
than  Ewoor  offers,  I  am  of  opinion  that  the  Bench  would  not  be  acting 
wisely  to  sanction  any  one  of  the  Ewoor  Projects. 

The  supply  from  Kennery,  would  be  cheaper  than  that  from  any  other 
valley,  excepting  Toolsee.  On  the  other  hand,  the  fact  must  be  looked 
at  in  the  face,  that  the  Dam  cannot  be  less  than  155  feet  high.  It  must 
also  be  remembered  that  the  supply  from  Kennery  is  not  capable  of 
extension,  and  it  is  quite  clear,  therefore,  that,  if  the  Kennery  Scheme  bt 
carried  out,  it  must  be  supplemented  by  some  other  project  after  10 
or  15  years.  It  cannot  be  compared  with  cither  the  Kamun  or  Tansa 
bchemes,  because  Uie^e  afford  us  a  supply  which  can  be  increased  from 
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time  to  time  as  the  demands  of  the  town  become  greater,  whereas  the 
sapplj  from  Kennery  is  only  sufficient  for  the  immediate  requirements  of 
the  population. 

The  Tansa  Project  is  the  cheapest  one  admitting  of  extension. 

The  Kamun  presents  mauy  aspects,  but  the  idea  of  pumping  the  snp« 
ply  with  turbines  worked  by  help  of  the  Ewoor  water  must  be  abandoned 
The  estimates  show  that  the  Ewoor  Dams  would  be  far  too  expensive  for 
a  project  of  this  nature  to  be  entertained.  Nor  do  I  think  that  it  would 
be  wise  to  erect  the  pumping  engines  at  Kamun.  It  might  be  a  little 
more  expensive  to  pump  up  the  water  in  Bombay,  but  then  the  great 
advantage  of  having  the  engines  under  the  immediate  care  of  the  Bench 
and  its  officers  would  compensate  for  this.  All  kinds  of  irregularities 
might  go  on  at  Kamun  without  detection,  but  it  would  be  the  fault  of 
the  Justices  themselves  if  irregularities  were  practiced  in  the  town.  Un- 
der these  circumstances  I  cannot  recommend  that  form  of  the  Kamun 
Scheme  in  which  the  water  would  be  raised  far  away  from  Bombay. 

For  a  large  supply,  the  issue  is  now  confined  to  the  merits  of  two  pro- 
jects— the  Tansa,  with  its  high  level  service  reservoir  at  Koorla,  and  the 
Kamun,  with  its  pumping  works  in  Bombay.  Both  offer  us  much  more  wa- 
ter than  we  can  possibly  require  at  present.  The  Tansa  would  practically 
give  us  a  somewhat  greater  pressure  than  we  have  in  the  Yehar  mains. 
The  pressure,  if  the  water  were  pumped  in  Bombay,  could  be  as  great  as  the 
Bench  chose  to  make  it,  but,  to  be  the  same  as  that  obtained  by  the 
Tansa  Project,  the  water  would  have  to  be  raised  from  125  to  150  feet 
high.  Let  us  assume  that  the  height  of  125  feet  would  be  sufficient,  and 
that  the  same  quantity  of  water  were  supplied  from  each  valley.  I  am  of 
opinion  that  for  a  large  supply,  the  Bench  would  do  wisely  to  arrange 
for  one  of  not  less  than  18  million  gallons  daily.  The  cost  of  this  quan- 
tity from  Tansa  would  be  about  100  lakhs,  from  Kamun  about  112  lakhs. 
If  the  water  were  pumped  100  feet  high  instead  of  125  feet,  the  Kamun 
Project  would  cost  about  two  lakhs  only  more  than  the  Tansa.  During 
this  year,  coals  have  risen  considerably  in  price,  and  the  general  idea 
seems  to  be  that  the  rise  will  be  a  permanent  one,  and  is  due,  not  so  much 
to  excessive  demand  as  to  the  rise  in  the  price  of  labor,  and  to  the  reduo- 
tion  in  the  number  of  working  hours  which  has  taken  place  all  over 
England.  At  all  events,  the  price  of  coal  is  an  uncertain  element  in  the 
estimate  of  the  Kamun  Project,  and  ^Thile  I  think  Bs.  30  a  ton  will  proba- 
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hlj  be  a  fair  average  to  allow  for  some  years  to  oome,  I  am  aware  thai 
many  will  contend  this  is  too  small  an  allowance.  If  coal  continoei  fa 
rise  in  price,  of  course  the  cost  of  raising  the  ELamnn  water  in  Bombay  will 
be  above  what  it  has  been  put  at  We  will,  howerer,  assume  that  13 
million  gallons  daily  from  Kamon  will  cost  alxoat  10  lakha  more  tluo 
the  same  quantity  from  Tansa.* 

Another  rery  uncertain  element  of  the  Eamnn  Project  ia  the  dntj 
which  may  be  expected  from  a  bushel  of  ooal.  On  this  qaestion  tbo 
there  is  sure  to  be  much  dirersity  of  opinion.  The  Crossness  sewagv 
pumping  engines  in  London  have  done  throughout  the  year  an  avenge 
duty  of  75,000,000  foot  pounds,  and  the  average  duty  of  Cornish  engine' 
is  60,000,000  foot  pounds.  I  have  assumed  for  the  Bombay  engines  in 
average  duty  per  bushel  of  40,000,000  foot  pounds,  but  I  am  aware  that 
many  are  of  opinion  that  coal  in  India  does  not  produce  a  oseful  effect  of 
more  than  half  the  amount  it  does  in  England.  According  to  theie 
Engineers,  therefore,  I  should  not  be  entitled  to  take  more  than,  saj, 
85,000,000  foot  pounds  as  the  average  duty  to  be  expected  from  the 
use  of  coal  in  Bombay.  If  this  be  the  case,  the  cost  of  coal  will  be  in- 
creased by  more  than  12  per  cent.,  and  this  will  add  several  lakhs  to  the 
total  of  the  estimate. 

The  height  of  the  Eamun  Dam  at  first  would  be  100  feet,  and  ultimate- 
ly 120  feet ;  that  of  the  Tansa  Dam  at  first  would  be  95  feet,  and  ultimately 
ISO  feet.  It  is  not  absolutely  imperative  that  the  Kamun  and  Tansa 
Dams  should  be  of  these  heights,  but  I  think  the  advantages  which  wonld 
be  secured  by  building  them  as  proposed  are  so  great  tliat  it  wonld  not  be 
advisable  to  have  lower  ones.  In  the  case  of  Eamun,  if  the  dam  were 
made  lower,  the  water  would  have  to  be  drawn  off  from  a  lower  point, — 
it  would  reach  Bombay  at  a  lower  level,  and  the  lift,  therefore,  for  the 
pumps  would  be  a  greater  one.  The  uncertainty  of  the  cost  of  coal,  and 
the  general  principle  upon  which  Engineers  proceed— via.,  that  first  costf 
is  not  nearly  so  important  an  item  to  effect  a  saving  in  as  a  constant  yearly 
charge — hiduces  me  to  recommend  that  the  dam  should  be  built  ten  or 
twenty  feet  higher — rather  than  that  the  water  should  be  pumped  this  ex- 
tra height.     The  difference  then  between  the  dams  would  be  this:  the 

•  Since  writing  the  aboTe,  I  find  coeli  hare  rieen  oonxidenbly  in  price,  uoA  it  ia  eam^Uj  report- 
ed that  in  the  enaning  winter,  they  will  be  aa  high  as  4Ss,  per  ton  in  London. 

t  ▲  first  coftialmown,  bat  a  yearly  charge  like  that  for  ooal  ia  liable  to  inoiftM  from  JMV  to  jnr, 
and  to  attain  cnormoiia  proportiona  in  the  fatnre. 
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Tansa  Dam  would  be  at  first  fire  feot  lowor,  but  nltimatelj  ten  feet  higher, 
than  the  main  Kaman  Dam.  This  would  be  somewhat  to  the  advantage 
of  Kaman  if  the  sites  were  equally  favorable,  but  it  is  in  this  respect  that 
the  Kaman  Project  is  so  inferior.  The  reader  is  aware  that  the  bed  of 
the  stream  at  Kamun  is  at  80  feet  on  datum,  or  just  at  about  mean  sea 
level.  The  water  at  high  tide,  therefore,  would  be  washing  over  the  face 
of  the  dam  wall.  This  I  consider  a  very  trifling  objection,  inasmuch  as 
it  would  be  easy  to  protect  the  wall  from  injury ;  but  what  is  really  a  point 
worth  great  consideration  is  the  depth  to  which  we  should  have  to  carry 
the  foundations.  Several  pits  were  dug  along  the  line  of  the  dam,  and  to 
the  depth  of  from  15  to  20  feet.  In  every  case  the  soil  proved  to  be  a 
mixture  of  clay  and  sand,  through  which  the  water  came  pouring  in  in  such 
large  quantities,  that  it  could  not  be  kept  down  by  baling.  Moreover,  in 
some  of  the  pits,  although  we  dug  as  low  as  20  feet  below  the  surface,  we 
did  not  come  on  rock.  These  facts  prove  that,  in  building  the  dam,  it 
would  be  absolutely  necessary  to  keep  the  water  out  down  to  a  depth  of 
20  feet  below  mean  sea  level,  and  probably  to  a  greater  depth  than  this ; 
nor  could  we  positively  reckon  on  obtaining  a  perfectly  sound  foundation 
for  a  dam  even  at  these  low  depths.  In  my  estimates  I  have  made  no 
special  allowance  either  for  pumping  or  for  building  in  the  fonndationSi 
but  have  supposed  that  these  charges  would  be  covered  by  the  item  of  con- 
tingencies at  10  per  cent.  Now  in  the  case  of  the  Tansa  Dam  nothing 
could  be  more  favorable  than  the  bed  of  the  stream.  It  is  as  smooth  as  a 
pavement,  and  the  rock  lies  bare,  so  that  its  texture  can  be  seen  to  perfec- 
tion. If  further  evidence  of  the  soundness  of  the  rock  be  required,  it  is 
only  necessary  to  trace  the  river  for  a  mile  either  above  or  below  the  site 
of  the  dam.  Everywhere  it  runs  over  the  same  kind  of  rock,  hard  and 
smooth — similar  in  its  qualities  to  the  best  trap  used  for  building  purpos- 
es in  Bombay. 

Not  only  is  the  foundation  for  the  dam  better  at  Tansa  than  at  Kamun, 
but  the  section  across  the  valley  is  so  much  more  favorable.  The  high 
portion  of  the  Tansa  Dam  would  be  very  short  as  compared  with  the  high 
portion  of  the  Kamun  Dam.  I  pointed  out  previously  how  important, 
in  judging  of  dams,  this  point  was,  and,  if  the  reader  will  refer  to  the 
Plates  of  the  several  dams,  he  will  find  that,  excepting  the  site  for  the 
Toolsee  Dam,  that  for  the  Tansa  is  the  most  favorable  of  all.  The 
hills  rise  at  once  from  the  banks  of  the  river  to  90  feet  on  one  side 
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C; !-*:•=  rizr.  ii»^  tLit  wi-Ji  c»:al*  a:  Rs.  3*)  a  fcr-o,  ani  wizh  use  pcaip- 
irz  e:ir:-*s  iii-z  an  aT^ra^e  i-zr  cf  -tJ^JA"*^  fc:t  poaz^i«  fi.r  erety 
fcc*Lr:  ;f  fi^I  *i:*:iir'i.  tii-s  Kaziia  Scheme  wvcli  s^v  ^^^^  ^  T^K<  of 
nr<«es  mors  thaa  ihe  Tan^a— ci::isi*ieriiL^  chat  c^als  are  st^Adilr  risnz  ia 
pr!»:<.  aai  an  hiya-^r  as  ihLi  mimeni  inaa  thej  kare  ever  befoc«  been,  and 
thac.  if  thej  Oj:idzi!ie  to  rise,  tae  allowance  of  B«.  30  a  soq  will  not  be 
sa£cient  to  corer  iheir  coet— cosLaierln^  that  the  datr  of  tiie  enginei 
may  al^o  turn  oct  to  be  le&s  than  that  aasamed  ia  frmoun^  tlie  cstimatas 
— ci^osiiering  the  difficulties  that  mcst  be  eneoimtered  in  bniLiiag  the 
Kam^a  Dam.  aad  the  mMertain  nature  cf  the  strata  on  which  the  work 
most  stand,  and,  coaikieris^i  oa  the  other  hand,  the  rcmaxkablj  &rar- 
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able,  indeed  unexceptionable,  foundation  which  is  to  be  obtained  for  the 
Tansa  Dam — considering  how  great  is  the  length  of  the  high  portion  of 
the  Kamun  Dam,  and  how  short  that  of  the  Tansa  one — considering, 
too,  that  by  the  help  of  the  Tansa  Project  we  can  improve  the  existing 
water  works,  by  keeping  the  Vehar  Lake  always  full,  and  that  this  advan- 
tage cannot  be  secured  by  the  Kamun  Scheme  if  the  water  is  pumped  in 
Bombay, — I  cannot  hesitate  to  recommend  the  Tansa  Scheme  as  the 
one  most  worthy  of  adoption  by  the  Bombay  people  for  a  large  supply  of 
water.* 

With  regard  to  the  Toolsee  Project,  if  matters  have  not  already  pro- 
ceeded too  far  to  allow  of  the  form  of  the  dam  being  altered,  I  entreat 
that  the  height  of  this  work  be  fixed  at  105  feet.  By  making  the  dam 
80  feet  high  only,  as  I  understand  is  proposed,  the  Bench  are  foregoing 
their  power  to  store  water  for  future  contingencies.  No  more  water  can 
be  stored  in  Vehar,  except  at  an  enormous  expense ;  none  in  Ewoor  ex- 
cept also  at  a  great  outlay.  The  only  two  valleys  where,  speaking  finan- 
cially, it  is  practicable  to  keep  a  supply  for  contingencies,  are  Kennery 
and  Toolsee.  And  in  Kennery  this  can  only  be  done  by  the  help  of  a 
very  high  dam,  against  which  objections  are  sure  to  be  raised.  In  fact, 
the  Toolsee  is  the  only  valley  in  Salsette  where  we  may  keep  a  good 
stock  of  water,  without  incurring  much  expense,  and  with  a  dam  of  ordi- 
nary height.  To  the  argument  which  may  be  brought  forward,  that  the 
dam  on  the  dividing  ridge  between  the  Toolsee  and  Vehar  Lakes  may 
make  the  latter  insecure,  my  reply  is — in  the  first  place,  this  dam  would 
be  no  more  than  about  55  feet  high ;  in  the  second,  its  strength,  if  built 
according  to  Mr.  Bankine's  section,  would  be  about  50  per  cent  more 

*  In  reoommending  the  high  level  Tansa  Project  as  one  better  worthy  the  oonaideration  of  the 
Bench  than  the  low  lerel  Kamun  one,  it  cannot  be  urged  that  I  do  eo  beoauae  it  is  more  euentlaUy 
my  own  propcdtion.  Whaterer  little  credit  may  attach  to  the  suggestion  of  a  low  level  project 
for  Bombay,  I  think  I  may  lay  claim  to  it  as  having  been  the  first  to  bring  it  to  the  notice  of 
the  former  Commissioner,  Mr.  Crawford.  In  giving  my  evidence  before  the  Water*sapply  and 
Drainage  Commission,  in  1869,  I  was  severely  cross-examined  on  this  subject,  and  although  I  fdt 
perfectly  certain  at  the  time  that  a  project  with  a  low  level  reservoir  was  possible,  I  was  aware  that 
I  had  failed  to  convince  many  people  of  the  practicability  of  bringing  water  to  Bombay  in  a  low 
level  conduit.  The  members  of  the  Commission,  however,  were  evidently  satisfied  on  the  subject, 
■■  their  recommendations  were  to  the  effect  that  a  scheme  of  this  kind  was  the  best  for  the  town. 
Little  did  I  think,  while  giving  my  evidence,  that  not  only  was  a  low  level  conduit  fMsiUe,  but  that 
It  was  actually  possible  to  have  a  high  level  one  for  the  greater  portion  of  the  distance  to  Bombay. 
Had  I  mentioned  at  that  time  that  such  an  idea  had  occurred  to  me,  I  feel  certain  I  should  have  been 
langhed  at.  It  is  the  fkct  of  the  practicability  of  a  high  level  conduit,  made  manifest  by  my  recent 
surveys,  which  has,  in  addition  to  the  other  reasons  sUtod  above,  induced  me  to  give  the  preferenoe 
to  the  Tansa  over  the  Kainnn  Scheme. 
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than  necessary ;  *  in  the  third,  a  masonry  daniy  and  especially  of  r 
enormous  strength,  could  not  by  any  possibilitj  be  carried  away  bodil 
and  in  the  fourth  place,  if  the  dam  could  not  be  carried  away  bodily, 
harm  could  come  to  the  Yehar  Lake  from  its  conatraction. 

The  projects,  then,  which  in  my  opinion  deserre  the  special  attention 
the  Bench,  are  the  combined  Kennery  and  Toolsee  Projects,  for  a  sopplj 
13  gallons  per  head  per  diem  for  the  present  population,  and  the  Tiz 
Project  for  a  supply  of  20. 

In  the  former  case,  whatever  may  be  the  heights  to  which  it  mij 
decided  to  raise  the  Kennery  and  Toolsee  Dams  now,  the  sections  i 
these  dams  should  be  such  as  to  admit  of  the  former  being  raised  oil 
mately  to  the  height  of  155  feet,  and  the  latter  to  the  height  of  105  fei 
The  reason  why  I  recommend  these  heights  is,  that  the  Toolsee  Dam  w 
then  be  able  to  impound  a  three-years*  supply  from  that  ralley,  and  ti 
Kennery  a  three-years*  supply  from  its  own  valley,  and  in  the  two  lak 
together,  it  will  hereafter  be  possible  to  store  a  three-jears'  supply  fio 
the  whole  watershed  of  these  valleys  taken  together.  However  litt 
water  we  may  choose  at  present  to  store  for  onr  own  purposes,  we  shi 
be  doing  our  utmost  on  behalf  of  future  generations  bj  giving  them  tli 
opportunity,  should  they  think  fit,  to  store,  hereafter,  a  full  three-year 
supply.  In  fact,  while  looking  to  ourselves,  we  shall  not  be  selfish! 
sacrificing  the  interests  of  those  who  come  after  us. 

If,  then,  the  Kennery  and  Toolsee  Projects  be  decided  upon,  the  watc 
should  be  taken  by  one  channel  to  the  Upper  Koorla  Reservoir,  and  de 
livered  to  Bombay  from  that  point.  Beyond  this  remark  there  is  d 
explanation  called  for  on  my  part,  as  the  description  already  given  o 
these  projects  in  Article  Nos.  LXXIX.  and  LXXX«  of  Professional  Pa 
pers,  Second  Series,  is  sufficiently  explicit  for  all  purposes.  The  fiwn^^ 
aspect  of  the  question  only  remains  to  be  gone  into. 

To  carry  out  the  Kennery  and  Toolsee  Projects,  eren  if  the  Bend 
decide  to  raise  the  dams  at  once  to  the  heights  recommended  by  me,  wooU 
cost  almost  exactly  sixty  lakhs  of  rupees.  Public  loans  in  England  an 
now  made  repayable  in  50  years,  and  I  should  think  there  would  be  w 
difficulty  in  getting  the  Imperial  Government  to  grant  money  on  the  sam< 
terms  to  the  town  of  Bombay.  If  this  be  the  case,  then  the  sum  reqnim 
by  the  Bench  yearly  to  pay  off  60  lakhs  in  50  years,  together  with  th< 

•  Fwto  paragraph  K,  AppendU  B.  of  So.  LXVUI.,  PwfairioMil  Vrnpen,  Second  I 
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interest  thereon,  so  that  at  the  end  of  that  period  they  should  have  dis- 
charged all  liabilities  against  them,  would  be  Rs.  3,80, 687^.*  I  have 
already  shownf  that  the  surplus  in  hand  at  the  end  of  each  year,  out  of 
the  receipts  from  the  present  waterworks,  after  paying  what  is  due  to  the 
Government  and  for  the  maintenance  of  the  works,  amounts  to  Rs.  1,55,000. 
In  order  to  carry  out  the  Kennery  and  Toolsee  Projects,  the  Bench  would, 
therefore,  require  to  raise  a  revenue  of  (Rs.  3,80,687^  —  Rs.  1,55,000  =) 
Rs.  2,25,687^,  and  a  further  sum  of  about  Rs.  35,000  would  be  required 
for  the  maintenance  and  extension  of  the  works.J  The  total  sum  to  bo 
raised  yearly  would  thus  amount  to,  say,  Rs.  2,60,000. 

The  present  works  yield  Rs.  3,80,000  yearly,  and  they  supply  six  gal- 
lons for  every  five  which  the  Kennery  and  Toolsee  works  would  give 
hereafter.  §  Considering  that  not  even  half  the  town  of  Bombay  is  pro- 
perly supplied  with  water,  there  can  hardly  be  any  doubt  of  our  being 
able  to  utilize  all  that  we  should  obtain  by  the  proposed  projects.  They 
should,  therefore,  yield  Rs.  3,16,666.  But  we  do  not  require  more  than 
Rs.  2,60,000.  It  will  thus  be  seen  that  there  is  every  prospect  of  success 
in  the  financial  part  of  the  undertaking.  We  should  have  a  balance  of 
about  half  a  lakh  of  rupees  yearly  on  the  safe  side. 

If  the  Bench  object  to  the  Kennery  Project  on  the  ground  that  the  dam 
must  be  so  very  high,  then  I  am  of  opinion  that  it  would  be  best  to  carry 
out  the  Tansa  Scheme  for  13  million  gallons  daily.  The  reason  why  I 
recommend  this  supply  in  preference  to  one  of  8^  million  gallons  is,  that 
the  difference  of  cost  in  the  two  cases  is  12^  lakhs  only.  To  supply  the 
latter  quantity  would  cost  87  lakhs,  while  to  supply  the  former  would  cost 
99^  lakhs ;  and  the  sum  of  money  which  the  Bench  would  have  to  raise 
yearly,  in  order  to  pay  off  the  former  debt  in  50  years,  would  bo  about  4^ 
lakhs  of  nipees,  while  that  required  to  expunge  the  latter  would  be  about 
b^  lakhs.||  Now,  it  seems  to  me  that  it  would  be  easier  to  raise  a  revenue 
of  b^  lakhs  yearly  with  a  supply  of  13  million  gallons  daily,  than  it  would 

*  This  may  be  taken  as  correct,  haying  boon  calcaUtod  from  the  table  prepared  by  the  actuary  of 
the  National  Debt  Offlce,  which  is  in  use  by  Her  Majesty's  Goromment. 

t  Page  200,  in  No.  LXXVII.,  ProfeKiional  Papers,  fiecond  Series. 

t  The  present  establishment,  with  a  very  small  addition  to  it,  wonld  snfflceforthe  snperintendenca 
of  all  the  new  water  works,  and  this  tarthex  sum  would  go  almost  altogether  towards  the  extension 
of  works  of  distribution  in  the  town. 

i  In  Article  No.  LXXIX.,  Prufessional  Papers,  Second  Series,  I  hare  shown  that  the  Vehar  Val- 
ley yields  8,600,000,000  gallons  yearly,  while  from  the  Kennerj'  Valley  (including  Toolscc)  we  may 
espect  to  obtain  3,000,000,000  gallons  only. 

a  These  sums  include  about  Rs.  85,000  yearly  for  maintenance  and  extensionsi  but  I  haye,  as  bcfora 
fuwomed  that  Bs.  1,56,000  will  be  obtained  from  the  Vehar  Workis, 
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he  to  raise  one  of  4  j  lakLs  with  8^  million  galloDS.  If  we  obtained  u 
ibucfa  proportioDatelj  for  the  13  million  galloua  dailj  ms  we  new  obtaia 
from  Vehar  for,  eay,  10  million  gallons,  we  should  realize  abcnt  5  lakhs 
of  rupees  per  aunam,— rery  nearlj  as  mneh  as  we  should  reqaire.  Ad 
mappreciable  increase  in  the  charge  for  water  would  coTer  the  siDaH 
deficit  of  Kd.  25,000,  and  enable  the  Bench  to  balance  expenuitnre  with 
income. 

If,  howerer,  the  project  of  8^  milHon  gallons  dailj  from  Tansa  weit 
carried  out.  the  rerenue  we  should  obtain  would  be  abf.int  Rs.  3.15.*»).— 
or  about  lU.  1,10,000  less  than  we  shonld  require.  This  project, 
therefore,  dues  not  give  us  the  prospect  of  fiuancial  succeas  which  the 
•thcr  does. 

Being  well  acquainted,  as  I  am,  with  the  Bombay  Water  Works,  and 
having  bestowed  particular  attention  on  the  subject,  I  am  most  esiphati- 
cally  of  opinion  that  there  is  great  room  for  improTement  in  the  dUtributioD 
of  the  water  throughout  the  town,  and  that  the  scale  of  charges  shonld  bt 
revised.  I  have  no  hesitation  in  adding  that,  if  the  subject  were  taken  is 
hand  by  a  Committee,  and  new  regulations  enforced,  the  Bench  would  rea- 
lize nearly  a  lakh  of  rupees  more  than  they  do  at  present  from  even  the 
Vehar  supply,  and  that  there  would  be  really  no  financial  difficulty  in 
carrying  out  the  Tansa  Project  for  a  supply  of  13  million  gallons  daily* 
The  revenue  under  an  improved  system  would  not  only  be  sufficient  ta> 
defray  all  charges  on  the  debt,  but  would  give  a  balance  in  hand  for  the  still 
further  extension  of  the  Water  worics,  when  the  time  arrived  for  increasiog 
the  supply. 

My  recommendations,  therefore,  to  the  Bench  are : — 
Either  to  carry  out  the  Kennery  and  Toolsee  Projects  for  m  sappty  of 
8^  million  gallons  daily,  or  to  carry  out  the  Tansa  Project  for  a  supply  of 
13  million  gallons. 

If  the  former  bo  decided  upon,  the  Toolsee  main  dam  to  be  built  at  once 
-—or,  at  all  events,  so  as  to  admit  of  its  being  raised  hereafter— to  the 
height  of  105  feet,  so  that  the  water  may  stand  at  470  feet  on  datum,  and 
a  three-years*  supply  from  the  valley  be  impounded.  And  the  Kenneiy 
Dam  to  be  built  at  once^-or  so  as  to  admit  of  its  being  raised  afterwards 
— to  the  height  of  155  feet,  so  that  the  water  may  stand  at  345  on  datum^ 
and  a  three-years'  supply  from  the  lower  portion  of  the  valley  may  beimr 
founded. 
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That,  whatever  is  done  now,  <^  the  future  as  well  as  the  present  wants  oi 
the  city  should  be  borne  in  mind."* 

That  future  works  should  be,  if  possible,  extensions  of  present  ones,  and 
not  independent  of  them. 

That,  in  carrying  out  any  high-level  project  whatsoever,  it  would  be  a 
great  mistake  not  to  command  the  Yehar  Lake,  so  as  to  be  able  to  keeji 
it  full  whenever  considered  desirable. 

That,  whatever  reservoir  be  adopted,  if  the  heights  for  the  dams  proposed 
t>y  me  be  not  approved,  the  dams  be,  at  all  events,  built  so  as  to  be  capa- 
ble of  being  raised  in  the  future  to  those  heights.  Thus  the  prospective 
«upp1y  would  not  be  marred  by  any  steps  taken  to  relieve  our  own  im- 
mediate wants. 

That  the  water  from  every  high-level  reservoir  which  may  be  construct- 
ed, be  brought  by  conduit  as  near  to  Bombay  as  possible — t.  6.,  to  tba 
Upper  Koorla  Reservoir,  before  being  delivered  under  pressure. 

Ttiat  conduits  be  adopted  in  preference  to  pipes  wherever  they  are 
practicable,  whether  in  open  cutting  or  ia  tunnelling. 

That  all  future  dams  be  of  masonry,  and  constructed  according  to  the 
{>rinciples  laid  down  by  Mr.  Rankine. 

That  an  experiment  be  made  regarding  the  practicability  of  rock 
eyphons. 

That  an  experiment  be  made  to  ascertain  to  what  extent  the  tempera- 
ture of  the  water  in  a  main  exposed  to  the  sun  would  be  effected,  and,  if 
the  temperature  be  not  affected  so  as  to  render  the  water  practicable 
warmer  than  it  would  be  in  a  main  under  ground,  that  all  pipes  laid  dowa 
hereafter  for  the  snpply  of  Bombay  be  placed  on  standards  above  ground* 

H.T- 


*  T%eM  are  the  words  of  the  CoamUsuion  on  the  Water-Sapply  and  Drainage,  of  which  Itr.  Soobto 
wa»PnBi(tait. 
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By  a.  G.  Mcbray,  Esq.,  C.E.,  Ixec.  Enffineer,  P.    JT.  Dt 

Para.  57C»  of  the  *•  Roorkee  Treatise  on  Ciril  Engineering"  opens  i 
interesting''  problem,  riz. : — 

Given  data. 

Plope  of  country,  1-2500,  or  -4  per  1000  feet. 

Velocity  of  stream  allowed,  25  feet  per  second. 

Discharge  of  water  5000  feet  per  second. 

Height  of  tow-path  above  water,  2  feet. 

The  qnostion  to  be  solved  i«.  how  can  this  canal  be  made  cheapest 

As  shown  in  para.  570,  the  most  economical  case  is  when  the  bed 
snrface  of  the  conntry  have  the  same  slope. 

Befcrring  to  Neville  and  omitting  small  fractions,  we  find  that  whei 
slope  is  1-2500,  the  hydraulic  mean  depth  is  2  feet.  V  being  ^  2*' 
second.  The  bottom  width  of  a  canal  discharging  5000  feet  per  sec 
at  a  velocity  of  2*5  feet  per  second,  when  the  depth  is  2  feet  in  997 

Now  this  certainly  looks  very  impracticable,  and  probably  manj 
qnirics  have  stopped  at  this  point. 

We  will,  however,  work  the  question  out. 

We  will  assume  the  cross  section  of  the  canal  to  be  thas^- 


/    ^ 


t: 


-•i^- 


^    Slap^^ 


the  cutting  in  the  bed  required  to  make  up  the  banks  is  0*16. 

The  area  of  the  bank  is  15942  square  feet,  area  of  catting,  159' 
which  is  near  enough,  practically.    Then  the  earthwork  TCqoired  per  J 
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feet  rnn  of  canal  lineal  is  only  cubic  feet  797,100,  at  Rs  8  per  1000  cubic 
feet  =  Rs.  2391-3.     No  falls  at  all  are  required. 

The  bridges  for  village  roads  are  not  absolutely  needed,  as  people  and 
cattle  can  easily  ford  a  stream  only  two  feet  deep.  Bridges  for  main 
metalled  roads  would  probably  not  be  needed  oftener  than  once  in  twenty 
miles,  and  would  generally  add  Rs.  500  per  mile  when  distributed  over 
the  total  length. 

The  formidable  item  is  the  land  taken  up. 

Now,  it  happens  that  in  most  of  the  districts  where  new  canals  are 
proposed,  the  land  is  almost  a  desert,  and  is  worth  next  to  nothing. 

The  area  taken  up  is  acres  126*26  per  5000  feet  forward  of  the  canal. 
In  many  parts  of  the  Punjab,  desert  land  is  not  worth  Rs.  1  per  acre,  but 
suppose  that  it  is  worth  Rs.  50  per  acre. 

The  cost  of  land  per  5000  feet  forward  of  the  canal  is  then  Rs, 
6,313.     We  then  have  per  5000  feet  forward  of  canal— 

RS.         A.    P. 

Land,  at  Rs.  50  per  acre,    ..  ..  ..  ,.      6,313    0    0 

Earthwork, 2,391    8    0 

l-20th  share  of  a  bridge, 500    0    0 

Total  Rupees,        ..      9,204    8    0 

Wlien  the  land  is  bad,  as  most  of  it  is,  this  will  be  reduced  to  Bs. 
8,000  per  5000  feet  run  of  canal. 

Now,  considering  that  there  are  forty  or  fifty  million  acres  of  desert  in 
the  Punjab,  taking  up  a  few  thousand  acres  in  extra  width  of  canal,  is 
hardly  a  series  difficulty,  when  we  can  make  a  canal  for  Rs.  3,000  per 
canal  mile.     The  objections  to  this  scheme  are  evaporation  and  silt  banks. 

Ist.  Evaporation. — As  the  air  must  be  brought  to  a  tolerable  state  of 
saturation,  say  0-5  full  saturation,  corresponding  to  the  temperature,  it  is 
a  matter  of  indifference  whether  the  evaporation  takes  place  off  the  canal 
surface,  or  off  the  field,  the  necessary  point  of  saturation  will  be  reached 
either  way. 

The  greatest  registered  evaporation  is  8  cubic  feet  per  1  square  foot 
per  annum.  In  the  case  of  a  canal  100  miles  long,  mean  width  of  water 
surface  250  feet,  supply  5000  cubic  feet  per  second,  the  loss  by  evapora- 
tion in  the  year  is  equal  to  the  flow  per  hour  55  55,  or  an  annual  loss  of 
0'64  per  cent,  of  the  supply. 

2fid.     SilL — This  and  weeds  would  probably  give  trouble,  but  the  cost  of 
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clearance  wonld  hardly  exceed  Rs.  100  per  mile,  annnally,  if  it  reached  this. 

Now,  considering  that  canals  of  this  size  to  deliver  cubic  feet  50UU  per 
second,  generally  cost  Rs.  50,000  per  mile,  there  is  evidently  an  opening 
for  economy. 

When  we  get  further  down  the  country,  the  surface  slope  will  become 
1-5200,  or  so,  and  assuming  the  same  discharge  and  velocity,  the  hydraa- 
lie  mean  depth  becomes  4  feet. 

Bottom  width,  494. 

Height  of  tow-path  above  bed,  7  feet. 

Depth  of  cutting  required  to  balance  banks,  0*63  (area  311'81). 

Earthwork  per  5000  foot  run  of  canal,  cubic  feet  1,559,050,  at  Rs.  3 
per  1000  cubic  feet,  Rs.  4,677. 

A  bridge  would  be  necessary,  say  once  in  five  miles,  add  Rs.  1000  per 
mile  -to  the  cost. 

But,  as  in  practice,  the  canal  gets  narrower  as  we  go  down,  so  shorter, 
and  shorter  bridges  will  be  needed ;  but  we  will  assume  the  bridges  to 
cost  Rs.  500  per  mile. 

The  land  down  at  the  low  end  of  the  canal  is  worthless,  but  we  will 
add  Rs.  50  per  mile. 

We  now  get,  per  mile — 

BS.      A.  P. 

Earthwork, 4,677     0    0 

Bri(I{;e8,         500     0    0 

Land 5000 

Total  Rnpecs,        ..  6,227    0    0 

Now,  as  only  ^th  of  the  total  length  of  the  canal  can  be  calculated  at  the 
higher  rate  for  land,  we  get  an  average  cost  per  mile  of  Rs.  6,022.  Now, 
if  any  one  interested  in  this  problem  will  refer  to  the  canal  Reports  of  late 
date,  he  will  see  a  considerable  margin. 

Navigation  is  not  specially  provided  for,  flat  boats  can  go  in  1*5  feet  of 
water,  and  if  any  large  traffic  arose,  it  will  obviously  be  cheaper  to  make 
a  light  railway  for  it  than  to  make  a  canal  6  feet  deep  with  falls  on  the 
usual  pattern.  If  any  one  can  show  how  to  deliver  5000  cabic  feet  per 
second  at  a  lower  rate  per  mile,  it  is  to  be  hoped  he  will  give  the  pablie 
the  benefit  of  his  ideas. 

If,  however,  a  uniform  depth  of  water  of  6  feet  is  insisted  on,  falls 
must  then  be  used.  The  cheapest  way  to  adopt  falls  is  to  nse  a  fall  whidi 
shall  check  the  vis  viva  of  the  water,  without  entailing  heavy  eartliwork. 
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By  taking  ont  tho  actnal  quantities,  we  find  that  by  using  4-feet  falls 
instead  of  the  usual  8-feet  fall,  we  reduce  the  earthwork  to  about  one 
half,  and  as  the  momentum  to  be  resisted  by  the  floor  varies  as  S/^k,  all 
the  work  is  much  lighter ;  these  4-feet  falls  will  usually  come  once  ia 
three  miles  instead  of  an  8-foot  fall  once  in  six  miles,  and  can  at  a 
Tery  small  additional  expense  be  used  as  bridges.  In  the  last  Sirhind  Canal 
Beport,  the  momentum  to  be  resisted  is  understated,  the  water  falling  over 
an  8-feet  fall  will  strike  the  surface  of  water  in  the  lower  basin  with  a 
velocity  of  25  feet  per  second,  not  G-6  as  stated,  this  is  only  the  velocity 
on  the  crest,  not  the  final  velocity.  It  is  obviously  a  great  objection  to 
have  to  resist  water  falling  with  so  great  a  velocity. 

Bisect  AB  at  b,  and  BC  at  d,  the 
triangle  ABC  =  twice  the  area  of  the 
two  small  triangles  Abe  and  cdC 
AB  represents  an  8-foot  fall,  Ab  and 

^  cd  two  4-foot  falls. 

It  is  extremely  doubtful  if  the  cisterns  adopted  by  Colonel  Dyas,  below 
falls  have  an  effect  in  reducing  the  action  of  the  water.  In  the  Ganges 
Canal  and  Bari  Doab  Canal,  we  find  pools  45  feet  deep  below  the  falls,  in 
addition  the  level  of  the  bed  for  many  miles  has  been  lowered  7  feet  by 
scour,  this  represents  the  work  done  by  the  force  called  into  action  by  a 
series  of  falls. 

The  papers  written  on  this  subject,  appear  to  treat  water  as  a  solid, 
when  a  solid  falls  on  a  plane  at  right  angles,  supposing  both  to  be  abso* 
lutely  hard,  the  motion  is  then  converted  into  heat. 

But  in  fluids  the  pressure  acts  equally  in  all  directions.  A  familiar 
example  is  the  splashmg  of  a  rifle  bullet  on  an  iron  target,  though  lead  is 
far  from  being  a  perfect  fluid. 

In  the  same  way  when  water  falling  strikes  water  in  a  lower  basin, 
most  of  the  force  is  expended  in  driving  the  water  out  of  the  basin ;  and, 
as  shown  in  Col.  Dyas'  diagram  of  a  fall,  this  causes  the  water  in  the 
basin  to  rise  up  till  the  head  is  sufficient  to  produce  a  discharge  equal  to 
the  supply,  and  as  the  lower  end  of  the  basin  is  the  same  area  as  the 
canal,  an  intense  scour  takes  place  there,  as  the  bed  is  not  firm  enough 
to  stand  this  velocity.  Of  course  some  force  is  expended  in  overcoming 
the  friction  of  the  water  in  the  basin,  bat  this  being  smooth  brickwork, 
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only  a  small  fraction  of  tlie  force  is  expended  in  this  way,  and  most  of  it 
is  expended  in  digging  Lules  and  scouring  out  the  canal  bed. 

Probably  the  best  way  to  use  friction  to  reduce  the  velocity  of  the  water 
falling  would  be  to  pass  it  through  a  series  of  gratings,  about  nine  iDcbes 
apart,  the  lowest  grating  being  a  foot  below  the  surface  of  the  water  in 
the  lower  basin,  these  would  prevent  the  velocity  accumulating  above  four 
or  five  feet  per  second,  and  so  save  the  necessity  for  the  very  heavy  founda- 
tions now  used,  and  enable  us  to  dispense  with  the  cistern,  a  very  serious 
objection  to  which  is  that  the  necessary  foundations  generally  go  below 
the  upper  clay  beds,  and  expose  the  silt  bed  underneath,  thus  eutailiug 
the  necessity  of  well  foundations  at  a  very  great  cost.  Thus  showing 
that  by  using  -i  feet  falls  we  can  save  half  the  expense  of  earthworb,  reduce 
the  cost  of  masonry,  and  have  a  canal  much  less  likely  to  fail  in  the  foun- 
dations of  falls  and  locks. 

There  now  only  remains  the  dam  question — arc  dams  really  needed  at  all? 

Their  enormous  cost  is,  in  many  cases,  sufficient  to  forbid  the  construc- 
tion of  a  canal  in  certain  places  where  stone  is  not  available.     General 
Strachey  and  the  late  Colonel  Anderson  differed  on  this  point.     General 
Btrachey,  whose  report  on  the  Lower  Sutlej  and  Indus  was  written  after 
Col.  Anderson^s,  believes  that  it  is  quite  possible  to  keep  a  large  canal  ruQ- 
ing  without  any  dam  at  all.     Tiie  great  objection  to  a  dam,  putting  cost 
aside,  is  that  it  checks  the  velocity  of  the  stream,  and  throws  down  silt, 
a  large  portion  of  this  silt  goes  into  the  canal.     Neither  General  Strachey 
nor  Col.  Anderson  investigate  the  cost  of  keeping  such  a  canal  open  by 
means  of  a  fleet  of  small  dredgers.     As  shown  by  both  these  eminent  en- 
Queers,  all  the  silt  is  deposited  at  the  head  of  the  canals,  suppose  we  have 
to  dredge  out  a  channel  of  the  following  sizes  annually,  viz.,  3  miles  long, 
800  feet  wide,  and  8  feet  deep,  wo  have  cubic  feet  36,000,000,  at  Rs.  10 
per  1000,  which  is  a  very  high  rat<},  seeing  the  silt  has  only  to  be  raised 
8  feet,  we  have  an  annual  cost  of  Rs.  3,60,000,  whereas  a  dam  is  put  at 
the  minimum  of  £1,000,000,  tho  interest  on  this  at  7  per  cent.,  is  Rs. 
7,00,000,  or  nearly  double  the  cost  of  dredging  out  a  new  channel  anunally 
d  miles  long ;  though  we  have  charged  the  dredging  at  an  excessively  high 
rate,  in  fact  double  the  estimate  rate  on  the  Sirhind  Canal,  and  where  the 
cutting  is  30  feet  deep,  and  dredging  is  not  practicable. 

Probably  the  best  style  of  dredger  would  be  quite  a  small,  cheap  affair, 
of  about  lO-horse  power,  drawing  3  feet  of  water.    As  soon  as  the  mcc 
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began  to  fall,  the  fleet  of  dredgers  should  commence  work,  and  if  properly 
managed,  should  be  able  to  excavate  as  fast  as  the  water  fell,  and  so  keep 
the  stream  running  constantly. 

Similar  small  dredgers  are  used  with  success  on  the  Madras  Canals. 
In  the  case  of  the  Ganges  Canal  it  was  necessary  to  have  the  head  close 
to  the  hills,  but  in  the  case  of  the  irrigation  of  the  Punjab  and  Bind  deserts, 
the  canal  heads  may  be  a  hundred  miles  lower,  as  there  is  plenty  of  desert 
at  a  suitable  height,  and  we  can  then  avoid  the  enormous  cost  attending 
canals,  when  the  head  is  close  to  the  hills. 

A.  Q.  M. 
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No.  XCIV. 


DISTRIBUTION  OP  CANAL  WATER. 


[8ed  Papee.     Vide  Nos.  CLXVII.  and  CCXI.  of  Pirbt  Series]. 

[  Vide  Plate  Na  LIX.] 


By  E.  a.  SiBOLDi  Esq.,  £xec.  Engineer,  Sirhind  Canal. 


RuntKT,  June  2ftA,  1878. 
In  the  Pnnjab,  the  bulk  of  the  irrigation  is  on  extensive  plains,  where 
alignment  of  Raj  bub  as  may  to  a  great  extent  be  subordinated  to  eonreni- 
ence  of  revenue  arrangements,  without  committing  a  serious  Engineering 
error.  Moreover,  there  is  such  a  dry  atmosphere  here,  that  high  level  Raj- 
buhas  would  not  cause  malaria,  and  for  economical  distribution,  the  high 
level  Rajbuha  is  the  best.  In  constructing  Rajbuhas,  most  of  the  errors 
have  been  duo  to  designing  them,  more  as  carrying  than  as  distributing 
channels.  In  addition  to  mechanical,  there  are  reveniie,  difiBcoltieB  about 
the  employment  of  meters. 

The  mechanical  difficulties  are— « 

1.  Uncertain  and  usually  very  small  bead  of  water  available. 

2.  Outlet  working  sobinerged,  and  rarely  with  a  clear  fall. 

8.     Silt  and  drift  clogging  ukoving  parts^  and  altering  dimensions 
of  oriBue. 
The  revenue  difficulties  are— 

1.  Cost  of  construction. 

2.  Great  risk  of  meter  being  tampered  with  by  irrigator  or  his 

enemies.     The  coMt  of  protecting  a  mechanical  novelty  in  an 
outlying  field  being  more  than  its  worth. 
8.    The  meter  giyes  no  data  for  apportioning  supply  to  demand. 
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4.     Water  is  so  balkj  compared  to  its  price  in  irqpMiiiHj  that  ma- 
thematical accuracy  is  out  of  place.    Bough  approximation,  (as 
in  collecting  tolls  on  the  tonnage  of  ships,)  is  all  that  is  finan- 
cially possible.     In  1865  I  found  on  one  Rajbuha  that  Goyem- 
ment  realized  one  rupee  for  each  40,000  cubic  feet  supplied  to 
rice  ;  the  rates  have  been  raised  since,  however. 
The  water  supply  of  towns  is  worked  under  entirely  diflTerent  conditions. 
As  regards  bulk,  water  is  much  more  valuable  for  domestic  purposes ;  it 
is  delivered  with  a  great  head  of  pressure,  requiring  only  small  sections 
of  pipes,  and  where  meters  are  employed,  they  are  in  places  of  safety. 

The  conditions  of  canal  irrigation  are  similar  to  those  on  which  land 
revenue  is  assessed.  Qovemment  has  to  relinquish  some  part  of  what  it 
could  fairly  demand,  because  the  cost  of  dealing  with  each  individual  case, 
would  not  be  compensated  for  by  the  additional  revenue  obtained.  It 
has  to  work  on  averages.  Both  are  affected  by  the  seasons,  the  diverse 
peculiarities  of  the  soil,  the  rights  of  those  who  have  a  lien  on  the  land, 
and  the  skill  and  energy  of  the  cultivator.  It  is  possible  to  provide  each 
village  with  one  or  more  small  tanks,  (in  fact  artificial  artesian  wells,)  and 
there  appears  to  be  no  objection  to  leaving  the  further  detail  of  the 
distribution  to  the  villagers  themselves. 

All  who  have  attempted  to  solve  the  question  appear  to  have  aimed  at 
securing  a  uniform  discharge  only.  Even  if  such  a  contrivance  was  in- 
vented and  adapted  to  all  cases,  would  it  be  of  any  use  ?  Qiven  such  a 
module,  can  we  dispense  with  area  measurements  ?  Even  the  module  that 
enables  the  charge  for  water  by  bulk  to  be  made  will  not  answer  all  pur- 
poses, because  we  not  only  want  to  ascertain  the  amount  due  from  each 
irrigator,  but  also  how  to  apportion  the  supply,  so  as  to  obtain  the  great- 
est benefit.     It  is  therefore  necessary,  to  consider  the  following  points : — 

1.  The  available  supply  during  a  given  period  of  time. 

2.  The  demand  during  the  same  period  of  time. 

8.    The  plans  proposed  for  effecting  the  distribution  after  a  compari- 
sion  of  supply,  demand,  and  probable  rainfall. 
Case  No.  I, — The  supply  available  during  a  given  period  of  time. 
The  supply  that  can  be  obtained  from  the  river  at  any  time  of  the  year 
may  be  ascertained  beforehand,  the  supply  to  each  division  will  be  pro- 
portioned to  its  wants,  except  when  a  drought  requires  that  food  crops 
should  have  precedence. 
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Casb,  No.  II. — If  an  irrigator  was  called  upon  to  state  the  nnmber  of 
hours  his  oatlet  shoald  be  open  to  irrigate  his  fields,  he  could  give  i 
fairly  accurate  answer.  It  is  supposed  that  he  would  be  told  thit  he 
would  have  to  paj  a  fixed  sum  per  hour  for  the  number  of  hours  he  stated, 
to  prevent  exaggeration,  and  to  prevent  overcaution,  on  the  other  hand 
that  he  would  not  be  allowed  to  keep  it  open  for  one  minute  longer  than 
the  time  he  specified. 

Take  the  case  of  a  chokidar  haying  charge  of  a  length  of  Rajbuha  on 
which  there  are  outlets  and  methods  of  distribution  on  standard  plans, 
there  is  no  difficult/  about  his  preparing  a  form  of  the  following  descrip- 
tion periodically. 

Form  A. 

The  demand  during  the  same  period  of  time. 
Requisition  far  Water. 

xicyuUfMf     •••       •••       •••       ••.       •••       ••• 


Cholde^ 


Raiwind. 
Laddeki. 


1 

S 

S 

4 

f 

DeKsription  of  Distributing  Api>arataB. 

No. 
worked. 

No.  of 
honn 
workod 
per  day. 

No.  of 

Cubic 
feet  i«- 
qnixod. 

Cable 

feet  nip. 

plied. 

Lift  Irrigation, 

Pattern  Nal,    .. 
„      No.  2,    .. 
Flan  Irriffation, 

Design  No.  1,    •• 
ff     No.  2f    •• 

•  • 

•  • 

•  • 

•  • 

•  • 

•  • 

•  • 

&c,&e. 
&c,&e. 

Total 

Oolumns  Nos.  1,  2  and  8  being  filled  in  by  the  chokidar  after  he  has 
ascertained  from  the  irrigators  their  probable  wants ;  column  No.  4  in 
the  canal  office,  and  No.  5  by  the  official  entrusted  with  the  nimor  dis- 
tribution. 
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Sapposing  these  retarns  were  made  out  for  a  ten  day's  supply,  thej 
might  be  written  up,  forwarded  by,  and  returned  to  the  chokidar  during 
the  preyiouB  ten  days. 

On  this  return  would  also  be  shown  by  the  canal  office 

Cubic  feet 

Total  supply  for  RajbahA, 0-000 

Deduct  supply  to  this,  and  up-stream  chokies,         •  •         •  •  0*000 

Bahmce  for  down-stream  chokies  =  «  =  0*000 

where  x  corresponds  to  depth  of  water  to  be  maintained  during  this  period 
at  the  tail  of  this  chokie.  This  gauge  reading  being  also  entered  by 
caual  office. 

The  chokidar  would  find  no  difficulty  whatever  in  making  out  this 
return,  because  the  Zemindars  soon  find  out  the  work  their  Mogas  can 
do,  and  can  state  pretty  accurately  for  what  length  of  time  they  want  them 
open.  Yet  as  they  could  not  state  their  wants  in  figures,  the  entries  here 
made  are  based  on  the  average  discharges  of  the  different  descriptions  of 
outlets  used.  This  local  knowledge  and  the  fact  that  the  men  most  in- 
terested are  consulted,  would  be  more  trustworthy  than  any  theoretical 
methods  of  determining  the  demand. 

This  return  needs  only  a  chokidar  of  ordinary  intelligence,  and  the  rest  of 
the  work  being  purely  mechanical,  can  be  done  by  a  small  number  of  com- 
puters for  a  whole  canal.  If  there  is  an  objection  to  giving  the  duty  of 
making  out  returns  of  the  demand  to  the  chokidar,  certain  days  might  bo 
appointed  on  which  passes  for  water  would  be  issued  at  certain  chokies 
along  main  canal,  either  by  Assistants,  Darogahs  or  Zillahdars. 

The  returns  could  be  made  up  from  the  counterfoils  of  these  passes  or 
cheques.     A  small  fee  being  levied  on  them. 

Before  filling  in  column  No.  5,  it  may  sometimes  be  necessary  to 
consider  the  consequences  of  unforeseen  changes  in  the  weather,  and  to 
calculate 

1.  Probable  expenditure,  weather  being  average. 

2.  „  „  extremely  wet. 

When  there  is  a  continuance  of  dry  weather,  as  in  the  khureef  of  1868,  the 
canal  may  have  to  supply  water  for  maturing  crops  that  were  sown  in  the 
expectation  of  a  good  rainfall.  Again  wet  weather  is  often  followed  by 
extensive  sowing,  for  which  the  canal  may  be  afterwards  called  upon  to  give 
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water.  But  a  careful  analysis  of  tho  retams  compared  with  the  indications 
of  weather  and  statistics  of  previous  years,  would  enable  ns  to  make 
the  most  of  the  canalsi  to  lessen  the  expenditure  where  it  could  be 
done  without  injury,  and  to  withdraw  aid  where  things  had  become 
hopeless. 

.  Practically  only  cases  of  yery  exceptional  rainfall  or  drought  will  dis- 
turb seriously  the  calculations — with  area  measurements,  irrigators  are 
tempted  to  over-irrigate  their  crops,  and  the  range  between  the  mazimmn 
and  minimum  supply  that  will  mature  a  crop  is  considerable. 

Then  again  putting  it  into  a  different  form,  some  irrigators  will  require 
water  for 

1 .  Certain  irrigation — i.  e.,  crops  altogether  dependant  on  canil  witer. 

2.  Uncertain  irrigation — -crops  sown  after,  or  in  expectation  of  nin, 

but  from  continued  dry  weather  requiring  aid  from  the  canal. 

And  it  would  not  be  fair  to  the  canal  to  allow  the  same  water-right  in 
both  cases.  In  certain  irrigation,  a  failure  of  the  crops  through  want  of 
water  justly  entitles  the  owner  to  a  remission  of  the  water  taxes,  and  even 
to  compensation,  provided  he  can  prove  that  he  gave  his  certain  precedence 
over  his  uncertain  irrigation  in  all  cases  when  the  supply  was  not  equal  to 
the  demand.  In  uncertain  irrigation,  however,  it  should  be  the  irrigators 
own  gain  or  loss,  and  tho  precaution  will  prevent  cultivators  from  gamb- 
ling, as  it  were,  on  the  chances  of  very  favorable  weather,  and  rushing  to 
the  canal  at  the  last  moment  for  assistance.  In  making  up  his  indent,  a 
chokidar  should  separate  his  certain  from  his  uncertain  irrigation. 

As  our  knowledge  of  meteorological  laws  advances,  so  will  errors  on 
account  of  variations  in  the  state  of  weather  decrease.  It  woald  not  be 
folly  to  look  forward  to  reaching  such  exactness  after  years  of  experience 
that,  so  far  as  the  control  of  the  water  was  concerned,  canal  arrangements 
might  be  worked  by  formulae.  The  facts  deduced  from  such  data  as  these, 
would  be  more  trustworthy  than  the  conclusions  arrived  at  after  a  hasty 
gallop  through  a  plot  of  irrigation  with  preconceived  notions  of  what  its 
requirements  are. 

Cask,  No.  IIL — The  plans  proposed  for  effecting  the  distrdutum  after  a 
comparison  of  supply  ^  demand^  and  probable  rainfalL 

The  destination  of  every  cubic  foot  of  the  supply  having  been  determined, 
we  have  now  to  consider  the  best  way  of  forwarding  it  to  its  appointed 
place,  and  this  case  will  therefore  embrace — 
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A. 

Distribntion  to  Canal  DiTision. 

B. 

„                „     Rajbahas. 

0. 

„                „     Bajbnha  chokies. 

D. 

„                „     each  estate. 

Distribution  to  Canal  Division. — It  is  not  necessary  to  do  more  than 
refer  to  a  Circular  of  the  late  Liout.-Col.  J.  Dyas,  in  which  he  has  pointed 
cut  in  great  detail  the  arrangements  for  the  distribation  to  Divisions. 

It  was  for  reasons  stated  in  this  Circular  that  the  10  day  periods  were 
adopted. 

Distribution  to  Rajbuhas, — It  is  necessary  to  show  first,  that  it  is  quite 
possible  to  give  the  men  in  charge  of  Rajbuha  Heads  such  simple  instruo- 
tions  and  apparatus  as  will  readily  enable  them  to  find  out  the  exact 
discharge  at  all  times,  notwithstanding  constant  changes  in  the  earthen 
channels  from  silt  deposits,  so  that  when  ordered  to  send  down  a  certain 
number  of  cubic  feet  per  second  they  can  do  so. 

The  object  sought  for  is  some  mode  of  registering  data  from  which  the 
discharge  can  be  deduced  by  formulad,  which  give  the  nearest  approxima- 
tions. In  ordinary  rajbuha  channels  we  find  (through  the  deposition  of 
silt)  their  wetted  perimeters,  areas  and  longitudinal  slopes  changing  their 
relatiye  values  daily,  and  therefore  cannot  easily  obtain  reliable  data  for 

the  formula  90  A  / — ;  but  given  a  rectangular  orifice,  submerged  or 

otherwise,  with  an  appreciable  head  of  water,  and  we  obtain  data.  The 
gauge  keeper,  or  guardian  of  the  head,  by  merely  noting  the  difference  of 
level  in  supply  and  distributing  channels,  and  the  dimensions  of  the  orifice 
gives  ns  all  the  data  necessary  in  calculating  the  actual  discharge,  and 
these  data  are  reliable,  so  long  as  there  is  a  sufficient  head  of  water  to  pre- 
vent silt  from  actually  heaping  up  in  the  orifice  itself. 

The  objection  to  this  arrangement  is  that  we  can  never  send  down  as 
much  as  the  rajbuha  will  carry ;  we  must  always  reserve  a  certain  head  to 
ensure  the  accuracy  of  the  data.  Most  rajbuhas  after  silt  clearance,  how- 
ever, work  for  some  time  with  the  level  of  water  lower  than  the  canal,  and 
the  gradual  diminution  of  this  difference  would  afford  an  indication  of 
when  it  was  necessary  to  clear  off  silt  again. 

The  data  for  calculating  discharges  over  weirs  can  be  as  easily  registered 
as  in  the  case  of  orifice,  but  the  following  formulfe  for  discbarges  in  uniform 
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For  Channels  D 


channels,  through  orifice,  and  orer  weirs,  show  at  a  glance  the  superioritj 
the  two  latter  hare  over  the  former. 

„     Orifices    D  =  C^  A  V  I--^.  A 
„    Weirs       D  =  C^^A.^^  L.g.h 

Here  in  the  case  of  earthen  channels,  snbject  to  incessant  change  from 
silt  deposits,  there  is  not  a  single  factor  we  can  rely  upon  withoat  obser- 
Tations  in  each  particniar  case. 

In  the  other  two  any  man  who  had  learnt  to  write  can  register  the 
data;  and  if  supplied  with  tables,  make  use  of  them  too. 

A  gate  moved  ap  and  down  in  grooves  wonld  represent  this  rectangolir 
orifice.  The  man  in  charge  of  the  head  is  supposed  to  be  able  to  ascertiin 
from  his  table  whether  the  reading  on  the  gauge  and  the  height  to  which 
the  gate  is  lifted  give  the  discharge  ordered. 

A  Table  drawn  up  in  the  following  form  could  be  explained  to  him,  and 
he  could  be  taught  that  the  difference  of  the  up  and  down -stream  gangs 
readings  is  the  head  of  water. 

FoBX  B. 


Depth  of  orifice,  B,  L  «.,  height  to  w 

hichgateteniMd. 

HMdc£  Water. 

0-1 

0-2 

0-3 

0-4 

0-5 

(W 

0^ 

•-8 

0^ 

l-O 

VIM 

0^1 

0-2 

0-8 

0*4 

0-6 

0*6 

Dlaehargea 

0-7 

0-8 

0-9 

11 
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tt  will  be  also  necessary  to  have  means  of  tabulating  the  discharge  for  all 
deptlis  at  other  points,  beside  the  head,  on  rajbulia:  and  these  points  are 
Escapes — Tail  falls — Above  irrigating  chokie — Below  irrigating  chokie. 

As  after  the  first  few  miles  we  scarcely  ever  find  much  bed  silt  in  a 
rajbuha,  a  simple  bar  of  masonry,  1  foot  high,  built  on  the  fioor  of  a  bridge, 
would  act  as  a  weir,  and  with  gauges  up  and  down-stream  suffice  for 
registering  the  discharge  of  these  points.  A  weir  will  suffice  here  because 
no  regulation  is  required,  but  merely  means  for  ascertaining  the  dis- 
chaise.* 

DiatHbution  to  the  various  Chokies  on  a  Rajbuha, — Under  the  present 
system  a  cliokidar  has  to  look  after  from  4  to  8  or  9  miles  of  irrigating 
channel,  and  inste^id  of  his  attention  being  confined  to  a'periodical  inspec- 
tion of  the  points  from  which  water  is  drawn  from  the  rajbuhas,  he  has  to 
find  out  to  what  purpose  and  to  what  field  each  man  applies  his  share, 
and  to  get  each  detail  he  has  to  traverse  the  conntry  in  all  directions.  If 
there  are  40  outlets  in  his  beat,  there  will  be,  including  branches,  proba- 
bly 80  miles  of  petty  channels. 

Beyond  guesses  based  on  limited  personal  inspection,  there  is  no  guide 
to  indicate  what  measures  should  be  taken  to  ensure  the  best  results,  and 
at  critical  seasons  of  the  year  individual  irrigators  suffer  and  all  lose  faith 
in  canals.  It  is  evident  that  if  we  withdraw  from  all  interference  with 
the  way  in  which  the  water  is  used,  and  limit  ourselves  to  the  issuing  of 
it  from  our  channels,  that  the  grounds  for  numerous  offences  now  com- 
mitted will  be  removed — most  of  the  existing  evils  can  be  avoided  by 
a  centralized  system  of  distribution,  in  which  the  chokidars,  unless  gifted 
with  great  powers  of  calculation  and  combination,  cannot  help  being  in- 
voluntary modules. 

The  problems  are — X  is  the  available  supply  for  a  rajbuha  during 
certain  ten  days,  &c. ;  x,  t/y  9,  &c.,  the  cubic  feet  to  be  expended  in  each 
chokie  on  it.  We  have  now  to  consider  how  the  quantities  Xy  y,  &c.,  can 
be  distributed,  so  that  a  chokidar  cannot  take  more  or  less  than  the 
quantity  assigned  to  him,  and  by  what  means  we  can  do  away  with  the 
necessity  of  his  stirring  a  yard  from  the  rajbuha  banks  on  duty ;  also, 
taking  the  first  chokie  on  a  rajbuha,  how  it  can  be  ascertained  whether  a 
chokidar  is  passing  on  to  the  chokies  below  the  quantity  (X  —  x). 

The  amount  of  detail  in  the  present  system  is  owing  to  no  grouping  of 
•  The  error  from  dicregarding  vtlodty  «f  Approach  would  not  be  large. 
VOL.    II. — SECOND   SKBIES.  8  f 
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ifxciAl  cases  niid«r  eenerml  heads,  and  we  cannoc  an-i^rtake  Ko  rvriter 
the  qaanuiT  sopplied  to  each  irri^tor.  iin!*s  thej  are  r^zixe-i  to  ■ 
system,  and  the  present  practice  of  pottiae  in  JHo^v  as  all  p«cu  of  ihe 
chaand  disCMitinae-i.     We  hare 

1.  A  namb^r  of  .Vo^of  and  shareholders. 

2.  Fiactoatioas  of  the  water  ierel  in  rajbahaL 

3.  Time. 

The  namber  of  ontleu  and  fiactnations  r.f  the  wat«r  lere!  are  not  » 
imp>:*rtant  as  iLe  reg::IaUMi  of  time,  and  this  the  chokidar  can  onlrd^ 
when  the  oa:2ecs  are  greoped  tc^ether.  and  in  this  war  admit  of  constant 
■ap^rriaion. 

The  distrib-Gting  arrangements  prof^sed  are  as  fjJik>«s: — 

1.  The  l»Q*k  oi  the  scrplj  fr^m  a  point  conrenienrlj  siroated  foretsy 
ocismand  of  the  ka«  scattere^i  portion  of  the  irrigation.  This  also  beiig 
the  heai  qnmrters  of  the  chokiiars.  and  nsualij  placed  where  the  laads 
ire  ab:T«  the  bei  of  the  rajirfiha.  and  therefore  not  adiaitiiBg  of  adetr 
lall  fr:m  the  cctlcts. 

2.  Bj  self-regiatering  meters  at  places  wkere  ihare  is  a  clear  fall  it 
■11  times. 

3.  In  some  cases  from  coBrenient  points  in  the  lands  of  importaoi 
Tillages.  ?  apposing  the  men  fit  to  be  en  trusted  with  the  management 
of  the  details  of  the  distribation,  the  chokidar  merelj  noting  the  gn» 
amowit  supplied. 

4.  The  remainder  to  machines  for  raising  water. 

The  chokidar  would  prepare  li»ts  of  the  irrigators  aad  the  qaaniities 
to  be  supplied  tu  each  daring  a  certain  ten  dajs.  grovped  nnder  the  foor 
methods  of  issuing  the  water. 

Besides  serving  oat  water,  the  chokidar  most  be  able  U>  ascertain 
whether  he  is  receiving  his  allowance,  and  passing  on  the  qaantisj  order- 
ed to  the  chokies  below. 

Iliis  he  can  do  by  obserring  the  head  of  water  at  the  weir  at  the  tail 
end  of  his  cbokie,  and  looking  np  the  discharge  from  his  table. 

Dutributiom  to  willoffts  and  to  utdiridval  irrigaion. — ^The  steps  neeet- 
aarj  to  determine  the  sopplj  to  each  canal,  each  rajbaha,  and  each  cboki% 
or  beat  having  been  given,  it  is  necessary  to  deteimine  how  the  eztsat 
and  lerel  of  the  irrigated  plots  will  affect  oar  distribating  aifaagemeDtiy 
I.  r.,  we  hare  to  girv  tht  mcwks  or  appliaiicfa  which  will  eBable  th» 
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chokidar  to  divide  the  quantity  (X  —  a;)  among  the  irrigators  whose  land 
lie  along  his  bit  of  rajbaha. 

The  water  may  either  be  sold  wholesale  to  bodies  of  irrigators,  or  retail  to 
indiyidaals.  At  present  eren  there  are  numbers  of  men  not  shareholders, 
who  by  being  connected  with  some  one  who  has  shares,  or  by  paying  a 
certain  tax  to  the  chief  shareholder,  manage  to  obtain  canal  water. 

By  extending  this  system,  we  may  in  most  cases  reduce  the  number 
of  shareholders  by  retaining  only  representative  men,  who,  wonld  also 
arrange  for  the  irrigation  of  all  those  connected  with  them  in  any  way. 
If  we  bear  in  mind  the  various  customs  existing  in  every  village,  this 
system  would  appear  to  be  the  best  suited  for  natives  of  Upper  India. 
80  far  as  the  internal  economy  of  villages  is  concerned,  they  are  almost 
self-governing.  Oovemment  will  be  also  at  liberty  to  enter  into  contracts 
for  the  constant  supply  of  water — i,  «.,  men  could  purchase  the  right  of 
the  use  of  an  outlet  for  specified  days  during  a  crop,  all  the  water  snp- 
plied  in  this  way  being  entered  in  the  returns  as  certain  irrigation. 

The  simplicity  of  the  arrangements  depends  entirely  on  the  description 
of  country  the  rajbuha  runs  through,  and  this  fortunately  happens  to  be  in 
their  favor,  for  nearly  all  rajbuhas  traverse  extensive  plains,  and  these  being 
nearly  on  a  dead  level,  afford  every  facility  for  massing  the  irrigation  outlets 
at  a  few,  instead  of  at  numerous  points  on  the  channel.  Besides  the  country 
being  a  new  one,  w  J  have  not  in  most  cases  to  suit  our  arrangements  to 
the  state  of  things  existing,  but  the  circumstances  developed  in  time  to 
come,  will  accommodate  themselves  to  the  network  of  irrigating  channels. 

In  the  sketch,  {Plate  LIX.,)  the  plots  of  irrigation  A,  A,  A  are  sup- 
posed to  be  above  the  level  of  full  supply  in  the  rajbuha,  and  therefore 
require  the  aid  of  machinery.  The  plots  B,  B,  B  below  full,  and  above 
low,  supply,  and  the  plots  C,  C,  G  below  the  bed  of  rajbuha,  so  that  the 
smallest  trickle  would  run  on  to  them. 

The  distribution  of  the  bulk  of  the  supply  from  the  head^quartere  of  the 
Chokidar. — A  point  could  be  selected  on  the  channel,  so  as  to  be  convenient 
for  the  supply  of  water  to  the  irrigated  plots  B,  B,  B.  Should  it  also 
command  parts  of  the  plots  G,  G,  G  these  portions  also  might  take  their 
supply  direct  from  the  chokidar,  and  in  such  cases  meters  would  not  be  re- 
quired. For  the  details  of  this,  vide  Paper  Nos.  GLXVII.  and  GGXI.  of 
the"fioorkee  Professional  Papers  on  Indian  Engineering,  '*  [First  Series]. 

Those  portions  not  lying  close  to  the  chokidars,  but  being  provided  for  by 
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Plan  No.  2.  Self-registering  meters  at  places  Javorable  to  the  intn- 
duction  of  Mechanism,  i.  e.,  where  the  fall  from  the  outlet  is  ^officieot  to 
do  away  with  any  chance  of  their  being  any  bock  water  to  6top  the  moT- 
ing  parts.  These  waters  might  either  be  simple  orifices  with  a  anifono 
discharge,  or  clock-work  arrangements,  by  which  the  sum  of  the  Felcd- 
ties  could  be  recorded,  the  shareholders  arranging  their  tarns  and  Urnet 
among  themselves,  exactly  as  they  do  now  with  the  ordinary  '*  Moga.*' 
Any  of  the  following  contriyances  might  be  used: — 

A.  Meter  noting  sam  of  velocities. 

B.  Meter — an  intermediate  chamber   the  water  alternately  rising 

and  falling.     The  number  of  risings  and  fallings  being  noted, 
and  the  discharges  deduced  therefrom. 

C.  Meter  with  uniform  discharge  and  time  opened  registered. 
Besides  these,  other  contrirances  are  possible,  because  the  conditions 

are  restricted  and  well  defined. 

This  plan  of  dealing  with  a  chief  irrigator  may  be  extended,  so  as  to 
permit  of  our  dealing  with  whole  villages  as  in, — 

Plan  No,  8.  Distribution  in  some  instances  from  convenient  pointf  in 
the  lands  of  a  village;  the  irrigators  being  entrusted  with  the  details. — Sup- 
pose a  village  possessed  a  spring  of  water,  or  an  artesian  well  supplying 
enough  water  for  the  irrigation  of  its  lands,  there  is  no  doubt  but  thit 
the  villagers  would  soon  adopt  customs  suited  to  the  sharing  of  its  bene- 
fits fairly,  and  that  the  calling  in  of  Government  to  act  as  distributor 
would  be  the  last  thing  thought  of. 

It  would  simply  be  an  extension  of  the  present  share-system  in  the 
case  of  well  irrigation.  Practically  we  can  in  nearly  every  instance  place 
on  the  lands  of  a  village  this  spring  or  artesian  well. 

The  simplest  arrangement  would  be  a  small  tank  (say  16  feet  square), 
built  on  the  highest  spot  in  the  village  lands,  and  provided  with  numer- 
ous orifices  of  the  same  size  and  at  the  same  level;  this  tank  being  connected 
by  a  channel  with  the  rajbuha  at  the  chokidar's  hut,  where  there  would  be  a 
regulator  to  maintain  a  constant  head  of  water.  The  discharge  throagb 
each  orifice  being  the  same,  we  know  that  if  8  men  were  taking  water  si 
the  same  time  that  each  should  be  charged  for  one-eighth  of  the  siipplj 
registered  by  the  chokidar. 

In  large  villages  there  might  be  one  of  the  tanks  in  each  lambsrdiii 
"patti." 


PLATB  LIX. 


tlETei  IF  DISTIIIITIII  ARRAIIEIEITS. 


FUIff/fftejil 


RBFKIUnfCB. 

IiTigfttton  bjr  Jbullan  or  Dal  IrrigatioD,  A 

dlnet  ^  ehoUdar, B 

„        ^  Till«c«  UnlB, ~  C 

bymrUrt, D 
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We  have  now  to  provide  for  raised  irrigation,  which  is  bat  an  insig- 
nificant portion. 

Plan  No.  4.  Distribution  to  machines  for  lift  irrigation. — Nearly  all 
the  water  for  lift  irrigation  on  the  Baree  Doab  Canal  is  lifted  by  Jbullars, 
and  they  have 

1.  A  single  line  of  pots,  small  size. 

2.  „  „  large  „ 
8.  A  double  line  of  pots,  small  „ 
4.               „  „        large     „ 

As  all  tbesc  are  worked  by  bullocks,  the  angular  velocity  is  about  the 
same  in  each  instance,  so  given  the  number  of  revolutions,  and  making 
allowances  for  spillage,  the  quantity  raised  is  easily  calculated,  a  record  of 
the  revolutions  might  be  kept  by  a  meter  attached  to  the  driving  gear. 
A  fixed  sum  for  each  description  of  machine  charged  by  the  day  or  by 
the  crops  would  probably  be  most  convenient.  This  is  done  on  the  Mul- 
tan  Canals. 

As  Jhullars  for  small  lifts  are  by  no  means  economical,  enterprising 
irrigators  might  be  induced  to  set  up  any  of  the  following,  the  driving 
gear  being  the  same  as  it  is  now : — 

8coop  wheels,  with  mechanical  register. 

Cellular        „  „  „ 

Tympanum  „  „  „ 

But  whatever  machine  is  used,  it  must  belong  to  some  class,  before  the 
returns  of  the  demand  can  be  made  out. 

In  a  few  words  to  ensure  a  judicious  distribution  of  the  supply  and  re- 
liable measurements  of  the  quantities  issued  to  each  irrigator,  it  is  only 
requisite  to  have — 

1.  Returns  of  the  demand. 

2.  Simple  arrangement  (common  sluices)  at  the  heads  of  rajbuhas 

to  regulate  the  supply. 
8.     The  massing  of  the  outlets  at  convenient  points. 

4.  Village  tanks  and  meters,  the  latter  not  actually  necessary. 

5.  A  classification  of  the  machines  used  for  lifting  water. 

6.  Tables  of  discharges. 

With  reference  to  the  determination  of  the  supply,  it  must  be  borne  in 
mind  that  a  certain  percentage  will  be  lost  by  absorption,  and  a  portion 
in  its  passage  from  the  head  of  the  canal  to  the  rajbuha.     The  loss  from 
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•bsorptioQ  wHl  rarr  inJirecttj  as  the  «'eI->r;tT.  aai  dinctij  as  the  itiih 
an  i  p>r  r-itj  of  the  b«<i.  ba:  the  e^ect  of  the  TeI'>:i:T  and  depth  en  xhtrt- 
■UiU  will  be  acarcelj  appreciable. 

The  \oia  from  ab«orpuou  in  Tiilage  chaaneU  is  mach  gre«:er,  both  be- 
csose  Uiej  are  ait'?mat«;T  wet  an  i  .irr.  ani  for  a  g~>en  qtiantitj  of  wtser 
lent  d-'jtcn  hare  asaallj  xnich  trace^ier  channels.  Bat  the  k<«5  wocli  n:t 
affect  oar  iiiea.«aremeDt«  becai^e  it  take^  (We  aftervaris. 

The  intr>iaction  of  pajmen:  by  rolaiie  maj  iaiace  the  ca';ifaror  to 
sup;  :em->nt  the  cantl  *npplT  bj  eFerr  Jrop  of  water  thej  can  procir* 
elsewhere,  «ach  as  fn>ai  unks,  weils,  <S:c.  In  times  of  droo^ht,  IQi:* 
in  1^^}^.  cnhan-.-ement  of  the  water  rates  woali  make  men  work  iheir 
wells  more  in  districts  where  the  springs  were  close  to  the  surface,  mi 
thos  enable  as  to  give  ereater  a.^i stance  t<>  trai^ts  where  it  is  not  posat'le 
to  get  water  from  anr  other  source  hat  the  canals. 

There  are  serioa^  objections  to  enhancement  of  the  rates  at  anj  time. 
but  in  times  of  gre«t  need,  it  mi^ht  be  the  best  waj  of  meeting  the  de- 
mand, and  to  be  preferreii  to  "  taUtlitif  **  long  lines  of  channels,  for  we  miy 
be  sure  onlj  those  will  take  at  the  higher  rates  who  would  otherwise  saffer 
•ererelj. 

EA.  S. 
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No-  XCV. 


FAILURE  OF  THR  PUENTES  DAM. 


[Fide  Fig.  7,  Plate  Wl.,  Nos.  LXVIII.,  Second  Series,  ProfeBsional 
Papers  on  Indian  Engineering  (Fel^ruary,  1873)]. 


By  Capt  C.  B.  Shephkrd,  B.S.C.,  Assoc.  Insl.  C.H. 


Ih  Namber  VII.y»  Volume  IL,  published  in  Febraary  1873,  in  a  Paper 
No.  LXVIII.y  entitled  '^  Masonry  versus  Earthen  Dams,"  bj  Major  Hec- 
tor Tulloch,  R.E.,  there  is  what  I  connider  an  error  on  the  part  of  the 
author  of  the  paper,  to  which  I  would  beg  to  draw  attention. 

To  the  Engineer  failures  are  more  often  productive  of  useful  lepsons, 
than  perhaps  are  successes,  and  to  have  an  incorrect  notion  of  the  cause  of 
a  failure,  doubtless  would  lead  to  wrong  conclusions — it  is  to  correct  what 
I  consider  an  erroneous  notion  in  Major  Tulloch's  paper,  that  I  am  induced 
to  write  this  Article.  After  enumerating  the  first  two  causes  of  how  a 
masonry  dam  gives.  Major  Tulloch  goes  on  to  state  the  third  cause  by  say- 
ing, '*  Every  dam  that  has  been  destroyed  hitherto  has  crushed  in  from 
its  own  weight :"  and  goes  on — To  look  at  the  dam  of  Puentes,  vide  Plate 
YII.,  Fig.  7,  one  would  at  first  be  induced  to  think  that  such  a  cyclopean 
structure  would  almost  have  answered  to  stem  the  tide  between  the 
Pillars  of  Hercules.  But  what  is  the  fact  ?  The  giant  succumbed  not 
from  the  thrust  of  his  adversary,  but  from  his  own  weight.  In  fact 
he  was  too  heavy  for  his  work.  The  ground  literally  could  not  sustain 
him,  and  in  lo02  he  was  hors  de  combat,** 

So  far  for  Major  Tulloch's  description  of  the  failure  of  the  dam  at 
Puentes.  Allow  me  now  to  quote  from  a  French  work  (full  of  interesting 
information  to  any  Engineer,  more  especially  to  such  engaged  on  fiiver 
or  Dam  Irrigation  Projects,  and  which  goes  most  carefully  and  complete- 
ly into  the  varioos  dams  and  canals  constructed  in  the  South  of  Spain), 
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eL:;i:-i  ••  IrrliTa'.foa*  ia  31:  si  -i^  'I't^jazne.  jar  Maurice  Ajmrnri.  keed- 
eur  .ie*  Ponta  el  CLa  •.i-?^-:* : "  fr.ui  ;4fe«  'JZ4  t-..  :Joi».  ihe  a?::L:r  tire*  i 
corii!  -ete  L>:orT  cf  ihe  cjaiUi^LCcUirLt.  wiih  a  'i-rtai^  a.  cul-i  tr  in  *t^ 
w:iiie*9  •■£  iLe  failure  of  iLi?  Jam.  I  inuai  ei-deavour  to  cMi-irLie  lii 
traii  «]&:*:  I  he  sacue.  I  five  do  diaieLfrio:is  of  the  ^iam  itself,  as  ILe^e  can 
Le  j:  I  rr.xn  Major  Tiiil-Krh's  papers  ani  ilans.  ••  TLe  Jam  was  tuilt  bc- 
tw.fr*-ri  it.e  year*  17>5  aLd  17 CM.  It  va&  in  nse  for  el-Trn  vtare.  and  was 
desir  jed  on  iLk  iJMih  Ajril.  l!*v2.  TLe  two  laz.ks  of  the  ri^cr  across 
whLii  the  dam  was  made  were  of  reck,  bat  in  the  midd'e  of  the  trd 
the  rxrk  'iii  not  «bow,  aLd  ih«rre  i»  liOthiLg  bat  »and  and  irraTel.  Ii  vas 
C0D»:dere  1  that  it  would  a. ways  be  j.-<'54iL.le  bj  a  drainage  ohaLDel  to  la? 
bare  ii»e  jun-.tion  of  the  two  r-.-cky  ii-1^-9  acrcss  the  h«eJ.  and  the  jr^-itvl 
was  drawn  up  oii  thi-?  hy;  .thesis.  Dumzj^'  the  c*ji\rse  of  CL'nstruciioa.  the 
m^raQa  of  'iraiuaire  ein;  l-i-ye  i  coiiid  not  k*:ep  the  excavation  in  the  irriTel 
dry;  a  fc^uniiiig  taken  showei  no  rock  at  a  depth  of  7-5  metres  (24  6 
feet^.  Th'TV  then  tO"k  the  fatal  res-.'lation  to  found  on  piles  across 
the  wh^-le  of  this  weak  space,  and  piles  a<i*cording]y  of  67  metres.  (2*2  feet 
nearly)  were  driven  in  quinruhjc.  and  bound  together  with  cross  pieces 
and  the  heads  of  the  pile>  whi..'h  projected  weli  abore  the  levrl  of  the 
c^•'S^  pieces,  wtr**  burie-J  in  the  thickness  of  the  foundation  masonry  whi^h 
was  •  Illy  carritrd  down  'I'^h  iLetres  (7-3?>)  feet  into  the  gravel.  This 
pile  work  was  carried  d.wn- stream  fr«.'m  the  dam  for  a  distance  of  40 
mtrtres,  1m1-2  feet.  This  wass  aleo  covered  with  masonry  2*25  metres  in 
depth,  and  formed  an  apron  to  protect  the  bed  from  erosion  from  the 
waterft,  whetlier  brc-nght  out  by  the  discliarge  or  scouring  sluices. 

"  This  foauiiation  was  not  thoroughly  defective,  and  would  perhaps  hare 
lasted  for  ever,  had  the  barrage  been  of  less  height,  say  for  instance  20  to 
25  metres  (C:r6  to  82  feet;.  The  proof  of  which  is,  that  it  worked  for  11 
years,  a  space  of  time  during  which  the  rain  was  never  sufficient  to  T«is« 
the  waters  more  than  one-half  the  height  But  on  the  30th  April,  1802, 
the  water  rose  to  about  47  metres,  (154*16  feet),  and  the  foundation  gave." 
Monsieur  Aymard  then  proceeds  to  translate  the  account  of  An  eye-wit- 
ness, which  I  also  condense. 

"  About  half  past  two  on  the  afternoon  of  the  dOth  April,  1802,  it  was  seen 
that  on  the  down-stream  side  of  the  barrage  towards  the  apron,  water  was 
issuing  in  great  quantities  in  bubbles  extending  in  the  shape  of  »  palm 
tree,  and  of  an  exceedingly  red  color.    About  three  o'clock,  then  wm  an 
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explosion  in  the  discharge  wells  that  were  carried  through  the  barrage  from 
the  top  to  the  bottom,  at  the  same  time  the  water  escaping  on  t))o  down- 
stream side  increased  in  volume.  In  a  short  time,  a  second  explosion 
was  heard,  and  enveloped  in  an  enormous  mass  of  wat^r,  tho  piles,  cross, 
and  other  pieces  of  wood  that  formed  the  pile  work  of  the  foundation,  and 
the  apron,  as  well,  were  seen  to  jump  out. 

"  Immediately  after,  new  explosion,  the  two  big  gates  that  shut  the 
scouring  sluices,  and  the  intermediate  pier  fell  in,  and  at  the  same  instant 
escaped  a  mountain  of  water  in  the  form  of  an  arc,  frightful  to  see,  and 
which  was  of  a  red  color  like  fire,  caused  either  by  the  mud  with  which  it 
was  charged,  or  by  the  reflection  of  the  sun.  The  volume  of  water  which 
escaped  was  so  considerable,  that  the  reservoir  was  emptied  in  the  space 
of  one  hoar. 

'*  The  barrage  now  presents  the  appearance  of  a  bridge,  of  which  the 
abntments  are  the  work  founded  on  the  hill  sides,  and  of  which  the  open- 
ing is  about  17  metres  broad  (55}  feet)  by  33  metres  high  (108^  feet).'* 

I  will  now  quote  Monsieur  Aymard's  conclusion  from  the  above :  he 
says— 

"  The  account  we  have  jnst  written  is  as  clear  as  possible,  and  leaves 
no  doubt  as  to  the  manner  in  which  the  barrage  was  carried  away. 

''  It  was  neither  an  overturning  of  the  masonry,  or  an  undermining  in 
the  ordinary  sense  of  the  word,  it  was  a  violent  expulsion  of  the  sub- 
soil caused  by  the  pressure  of  the  waters." 

In  the  above  conclusion,  I  agree  with  Monsieur  Aymard.  The  weak 
soil  was  blown  out  by  the  pressure  of  water  at  the  back  of  the  dam,  at  the 
time  there  was  33*4  metres  (109^  feet)  depth  of  water,  and  ld'4  metres 
depth  of  silt  (44  feet  nearly). 

I  think  the  clear  account  given  in  Monsieur  Aymard*s  book,  points  ont 
the  cause  of  failure,  viz.,  the  foundation  piles,  sub-soil,  <&c.,  were  blown  ont 
by  the  pressure  of  the  water,  and  that  failure  was  not  due  as  ascribed  by 
Major  Tulloch  to  any  settling  of  the  sub-soil  nnder  the  mass  of  masonry 
that  it  supported,  a  view  which  is  also  negatived,  by  the  fact  of  its  lasting 
eleven  years  intact,  and  only  succumbing  when  a  heavy  water  pressura 
bore  against  it. 

The  wish  to  prevent  an  erroneous  conclusion  is  my  sole  apology  for 
writing  this  *  Note,'  and  that  of  stating  my  grounds  clearly  for  consider- 
ing the  conclusion  erroneous,  must  be  my  apology  for  its  length. 

C.  E.  8. 

VOL.   II. — SECOND   SERIES.  8  O 


^A  IXSZTLmJ^ZZ  If  L.XI-fT2SX  JJI  »: 


Xo  xcn 

resjstjlSCe  of  SAyDSToxE  axd  mobtas  to 

TESrsnXG  STRESS. 


tiic  f^TEcx*^  ::'  vut  rK*K  :c  iAftif^a*  jaR  .&&■-»£  fnsL  Mass.  Ksk: 

t2i»  ^icn».     Wii  r^«r£  v:  lii*  ai:gTxr*:a-  vLkx  is   :£  £t»5  nl-a 

I  Kcfs»  I  wti  zarzLj  j«^*r*i  i?  5af  12a»  a  wa*  »:•  s.'Xft  Vii:^  l5 
a  r«s5Tr»  ::  *.»>  5*.  r«r  ti-'SBr?  ^"^sf^^  sbi  aas  ▼»*  mMia  iks  -niae 

v«»  cc  £=?£rta£  -rirflnrJtf .  se^KOcd  frm  taic  rmias  kobh  acfiuZI?  im  v 

fee  argg^g. 

viSiei.  Lrr«Ter.  I  s&^inSi  Ksstt  ^kc  t»  be  c^xkcd  ever  by  otWn.     1 
ris  t&>*  Mrrifc'gal  grmm  .t  •;■.  ^«  br  mi  the  m^***  v^^j  of  ^b  la 
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Own  weight  =  4*25  x  122  ft>s.,      =  518^ 

Weight  of  roadway  =  1  cubic  foot,  @  122  fts.,  =  122 
iJve  ioad,  @  1  ton  per  foot  ran  of  bridge, 

=  per  squMre  foot,  ^.  =r  112 

90  =  Total  Vertioal  do.  per  foot,     =  752J 

C  ^  Weight  required  to  crash  a  square  foot 
of  the  sandstone  in  fi>s.,  which  is  ao- 
cordii^g  to  Messrs.  Kirkaldj's  test — 

1,066  X  144,  =  1,53,504 

P  =  Hcrizontal  pressure  on  key* 
ThenP  =  Bibw 

=  9505  X  1  X  752i  lbs.,    =     71,525 


and  rtrengih  of  arch  is  proportional  to  =  1^  ==  l^^i^ 


6,52,392 


71,625 


=  912, 


that  is^  the  strain  on  the  arch  when  loaded  will  be  9 '12  times  less  than 
would  cause  it  to  yield  by  crashing. 

Rankine^s  formula  for  horizontal  thrueft  at  the  key  gives  the  same  as 
aboTO,  yiz. : — 

T  =Dx  Wx  R 


(  Iha. 

4-25  X   ^22*8.+  (122  +  112) 
I  4-25 


} 


X  95-06 


=r  4-25  +  17706  lbs.  +  9505  =  71,525  lbs. 
The  followiAg  is  the  yalue  of  -^  for  seyeral  bridges  of  note : — 


Hun  «nd  fittoiUan  of  Bridge. 


Badins  of  cnrvBtnre 
of  the  arch  in  feet 
crown. 


Value  of  ^or 

of  timei  Khaft 
the  preesnre  on  the 
keyfftoae  miut  be  itt- 
creaaedtoonuhit. 


n^nnmber  c 


Bridge  carrying  the  Great  Western  Railway 

oyer  the  Thames  at  Maidenhead,     ... 
Neoilly  Bridge  over  the  Seine  at  Paris, 
Bridge  of  the  Holy  Trinity  at  Florence, 
Bridge  orer  the  Dee  at  Chester, 
Bridge  oyer  the  Dora  Biparia,  Turin, ... 
Ixmdon  Bridge,   ...        ...        .••        ... 

Waterloo  Bridge, 

Kanhan  Bridge,  •••        •••        •••        ••• 


8 

5 
21 
22 
44 
40 
68 

912 


The  aboTe  shows  how  much  care  should  be  taken  in  the  selection  of 


^:i 


zziiSTASzz  CF  §jjr;«:Ti  xan  KiiriS.  rr:. 


Vi-z.:':  V,   -kT*  i%-   :>t.  -t  lit  ^::jii^  ijii   Li:t;-_iz  i-.--r5  ;:  »^-i 


i-.  :^r  ■.:.::Ar-r  ;-•::..  ::.c  U:i:-ir*  Terr  ii-s  »i.i  ^iL-iinL.      A  i^-^l  XAJi*: 


■ra^-rm  «-_-==n.T 


ICift^l. 


jfZ£*:zjt. 


J 

r- 
G. 


--<q. ; 


•rs-iicr.  ~Tiii- 


«-SspL,y.,.  1  c  •:'*>'::<  x  «  1:  3:-:;  i-:.r^z  1^24  :- 

&I&  ifaj,  Xo.  1  A.  •>  *-<'  0  '>.'  X  0 '  •  3« . .     >:,:in>  i/,5i>  ^ 

924  Sept,  Xo.  2  C.  ^  W  "S '-r  X  5  ;-:  3i3-.      3r/«5»- l,'>2-j  W 

&22Jii1t,  Xa  2  B.  ^-&»>6  17  X  <••.:  37  3r   3«^i-     St3T  fiOa 

«1  Jalj,  Xa  1  B.  «00  ilC  X  5  '.-V  33-7«    32.1*4  '    »l  57  S 


^S-.M  -  I>;4  :  •:  7 
4L%I4-'  l^v•:^^■o 
44,7s-:»  1^44tf->0 
♦M2^  1.525  rf  7?  S 
•M*  l,ISc:*767 
i^.U     l.Ii7y76J 


Me*B.ll/W«    ^?<|\rrar      I;S5«   *   6 


All  bedded  betweeo  pieces  of  pine,  one-qajtrter  inch  thl^\ 

».  K. 

^<^''^— Ages  of  Mnditonc  inm  qomrrr  al  time  of  rCTt    a,  ten  »«^»i^  .  |, 
■ontht ;  ^,  tea  moaths ;  <  lix  momki ;  c,  eight  mbkIi*  ;/.  ei^  i 
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Report  hy  G.  W.  MacGboroe,  Esq.,  Fxec,  Engineer^  Kanhan  Division, 

To — The  Chief  Engineer^  Central  Provinces. 

lOth  November,  1872, 

I  have  the  honor  to  forward  original  letter,  with  a  table  showing  re- 
Bnlts  of  experiments  to  ascertain  the  resistance  to  thrusting  stress  of  ten 
specimens  of  sandstones  and  two  of  mortar,  sent  by  order,  to  Messrs. 
Kirkaldy,  Southwark,  London,  for  test. 

By  inspection  of  the  table,  it  will  be  seen  that  the  first  six  specimens 
sent  were  three  years  from  the  quarry,  Nos.  7  and  8  were  six  months, 
and  Nos.  9  and  10  were  three  months  from  the  quarry.  The  specimens 
of  mortar  were  about  two  years  old. 

The  specimens  selected  were  of  all  the  yarious  qualities,  fineness,  coarse- 
ness, color,  &c.,  that  are  in  actual  use  for  arch  stones  for  the  Kanhan 
Bridge ;  duplicate  specimens  were  in  each  case  retained  for  comparison 
with  the  recorded  results  of  the  test  when  received. 

Taking  tlie  average  of  the  first  specimens  previously  sent  {last  year)  at 
1,066  fi>s.  per  square  inch,  and  their  age  at  six  months,  there  is  evidently 
a  very  considerable  improvement  in  the  results,  as  shown  by  the  present 
tests.  I  am  inclined  to  the  opinion  that  the  very  low  results  given  by 
the  first  specimens  must  be  partly  attributable  to  some  injury  experienced 
by  the  cubes  of  stone  in  transit.  The  specimens  were  sent  in  an  unlined 
packing  case,  and  they  arrived  at  and  were  tested  in  England  in  the  depth 
of  a  very  severe  winter  :  it  is  possible,  therefore,  that  the  cubes  of  stones 
may  in  the  ship's  hold  have  been  affected  by  contact  with  salt  water,  or 
may  have  been  injured  by  frost  in  England. 

The  dozen  specimens,  of  which  the  test  results  are  now  received,  were 
sent  in  a  tin-lined  case,  and  were  tested  in  England  at  the  end  of  the 
aommer. 

The  mean  resnits  of  the  several  specimens,  as  shown  in  the  en'losed 
table,  exhibit  very  plainly  the  effect  of  time  in  hardening  these  sandstones, 
and  no  doubt  they  will  continue  to  harden  to  some  extent  in  the  work  in 
course  of  years.  It  is,  however,  evident  that  up  to  a  limit  of  age  of  three 
years  from  the  quarry,  the  stone  barely  approaches  in  strength  to  the 
inferior  English  sandstones  that  are  recorded  in  tables  of  strengths  of  ma- 
terials, which  is  2,000  lbs.  on  the  square  inch. 

It  will  be  seen  by  the  calculations  given  in  my  letter  No.  66-597,  dated 
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8th  April.  1872,  xhMl  the  horizo&tAl  presscre  at  the  crown  c^  these  &r^«s 
is  71,525  fbs^  SAT  72.<»j  fibe^  mzui  the  the>:>retical  strength  of  the  iru  ii 

prcfcrtioDjl  to  g--^ 

Where  tf  =  d€{;th  of  kejitcne. 

C  =:  crushing  weight  per  tq^are  feet  cf  the  stone,  whkh  wt 

XQAj  now  tjJEe  at  1.5<>j  x  144  =  2,lbj»j  && 
B  =  radios  of  ciUTatnre  at  cpjwn. 

IP  =  Tertical  weight  on  a  foot  of  kerstone  inolaiing  its  ovn 
weight,  and  which  was  shown  to  be  752^  Sbs. 
We  hare  then  as  abore^ 

rfC     _  4-25  X  2.16.0'W  _  9.1  ?/M?    _  .;,.-. 
B«    ~     d505  X  7524    ^     72v>.0    ~     "        ' 

That  is.  the  strain  in  the  arch  when  loaded  will  be  1275  times  less  thsn 
woold  cause  it  to  jield  bj  crushing. 

I  hare  taken  the  average  cnxshing  strain  per  square  inch  from  the  table 
at  1.5*»Ibs.  onlj.  as  few  of  the  stones  com  prosing  the  arches  are  more 
thtn  six  months  from  the  qoarry:  bat  even  if  2,000  k.  per  square  inch 
be  allowed,  equal  to  the  most  inferior  English  sandstones  nsed  for  con- 
stmctire  purposes,  the  ictoal  stress  in  the  arches  woald  be  as  high  ts 

Y='  of  their  crushing  stress,  when  from  p-  ^  «^  ^^  the  usual  ratios. 


Copy  of  later  fnm  David  Kirkaldt,  Esq.     To — Tkt  Exte.  Engaar, 
Kanhan  DicUum,  Central  FrooMces, 


I  hare  again  the  pleasore  of  sending  joa  report  of  experiments  on 
cabes  of  stone  and  mortar.     I  placed  all  the  stones  on  their  natiinl  bed 

Ala 
thns :  and  before  putting  them  in    ^^^=    to  the  Testing  Machiney  I 

had  the  two  soiboes  A  and  B  made  pazaDd  to  insure  coirect  nsnlts. 
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I  am  now  very  bnsy  testing  a  yery  fine  series  of  fortj-eight  specimens 
of  six  kinds  of  stones  from  Bombay. 


1  ^^^J"^  6x6x12}^^®*^  ^'^^'  ^^'"^  ^"^  «*^®  •  ^®^ 


good  average. 


Result  of  Etrpermtiits  to  ascertain  the  resistance  to  Thrusting  Stress 
%f  ten  cubes  of  various  Sandstones  and  two  of  Mortar,  received  per  Messrs. 
Orindlay,  Oroom  ^  Co. 


ICMcted. 

DfanensioinB. 

Base 

area. 

CRUBHKD,   STKSL- 
YARD  DROPPKD. 

No. 

strew. 

Per 

sqaare 
inch. 

Pttr 

■qaare 
foot. 

StreeB. 

Per 
square 
inch. 

Per 

a. 

Inehes. 

Sq.Ixi8. 

IM. 

Ba. 

toni. 

m.. 

fta. 

tOM. 

8047 

1  8Y 

612  617  X  615 

87-94 

74,160 

1,954 

125-7 

88>780 

2,340 

150-5 

8048 

2  8Y 

610  610  X  610 

37  21 

68.240 

1,834 

117-8 

79,870 

2,146 

138-0 

8049 

8  8Y 

6-26  6-25  X  610 

3812 

48,970 

1,284 

82-6 

58,740 

1,541 

99-1 

8050 

4  8Y 

610  615  X  617 

87-94 

69,820 

1,840 

118-3 

74,180 

1,955 

125-7 

8061 

5  8Y 

5-98  6*10  X  6  10 

87-21 

62,980 

1,698 

108-9 

69,270 

1^1 

119-7 

8052 

6  6M 

600  5-90  X  600 

85-40 

51,076 

1,448 

92-8 

54,744 

1,546 

99-4 

8058 

7  6M 

600  5-95  X  600 

85-70 

40,780 

1,142 

78-4 

49,960 

1,899 

90-0 

8054 

8  6M 

6-92  5-96  X  5-98 

85-64 

46,480 

1,804 

83-8 

62,180 

1,745 

112-2 

8065 

9  6M 

5-94  6-04  X  6-00 

36-24 

43,340 

1,196 

76-9 

51,220 

1,418 

90-9 

8056 

10  6M 

5-80  5-90  X  5-95 

35-10 

40,290 

1,148 

788 

45,910 

1,808 

84-1 

•8057 

11  2Y 

6-00  6-02  X  5-95 

35-82 

35,980 

1,004 

64-6 

41,810 

1,168 

75-1 

t8058 

12  2Y 

6-00  606  X  5-98 

36-24 

34,320 

947 

60-9 

40,730 

1,124 

72-8 

All  bedded  between  pieces  of  pine,  one-quarter  inch  thick. 

D.  K. 


•  SoorkhM  moitw.     tSndniictir. 
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Note  by  T.  W.  Armstroso,  E«q.,  Ofg,  Stcy.  to.  Chief  Commr.,  C.  P. 

KagpoTt^  20th  January ,  1S73, 

It  will  be  poen  from  the  table  of  experiments  sent  by  Mr.  Kirkaldy, 
of  London,  that  the  specimens  of  sandstone  last  received  by  him  from 
Kamthi  have  proved  to  be  capable  of  resisting  a  much  higher  crushing 
power,  than  the  specimens  of  sandstone  first  forwarded  to  the  same  gen- 
tleman by  the  Executive  Engineer,  at  Mr.  Annstrong's  request. 

The  specimens  first  sent  were  not  so  long  quarried  as  those  forwarded 
in  1872.  Six  of  the  cubes  of  that  year  were  three  years  quarried,  and 
they  crushed  umler  a  stress  of  from  1,546  lbs.  per  square  inch  up  to  2,340 
tts.,  when»as  the  cubes  sent  in  November,  1871,  crushed  under  a  stress 
varying  from  1,187  tf»s.  to  1,364  lbs.  per  square  inch.  The  ages  of  these 
latter  cubes,  as  rount<'d  from  the  date  the  stone  left  the  quarry,  varies 
from  six  to  ten  months. 

The  general  result  of  the  experiments  last  mad<*  may  be  said  to  be,  that 
the  stone  used  at  the  Kan  ban  Bridge  improves  in  hardness  and  solidity 
considerably  after  removal  from  the  quarries,  and  that  when  six  months 
quarried,  its  average  crusliing  strain  per  square  inch  may  be  taken  at  1,500 
&8.;  calculating  on  this,  the  strain  in  the  arches  when  loaded  will  be  at  the 
crown  12  j  times  less  than  would  cause  the  stone  to  yield  by  crushing, — 
there  is  no  doubt,  however,  but  that  the  arch  stones  will  harden  by  age; 
this  is  clearly  proved  by  Mr.  Kirkaldy's  experiments,  and  2,000  ft>s.  per 
square  inch  may  be  safely  taken  as  the  average  cnishing  strain  for  fully 
seasoned  stones.  Under  this  data,  the  actual  stress  in  the  arches  would 
be  seventeen  times  less  than  the  crushing  stress. 

Two  6- inch  cubes  of  the  mortar  used  at  the  Kanhan  Bridge  Works 
were  sent  to  Mr.  Kirkaldy  to  experiment  upon,  the  results  Le  reports  are 
satisfactory. 

The  cubes  of  mortar  are  numbered  3,057  and  3,058  in  the  Uble  of 
expenments.  The  following  is  a  description  of  these  morUr  cubes;  the 
pressure  necessary  to  crush  them  is  Uken  from  Mr.  Kirkaldy's  Uble,  and 
the  tenacity  given  is  the  result  of  experimento  made  by  Mr.  Wallwe. 
Assistant  Engineer,  Kanhan  Bridge:— 
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(1).  Eanrak  Bridge  Works. 

Bpecimen  of  soorkhee  mortar  used  in  fonndations. 

Proportions. — ^Two  parts  soorkhee,  one  part  knnkar  lime,  age  of  mortar 
abont  two  years.  Crashed  under  a  pressure  of  1,168  ^s.  per  square  inch, 
eqnal  to  75*1  tons  per  square  foot. 

Tenacity  by  experiment  equal  to  90  lbs.  per  square  inch. 

(2).  Eakhan  Bridge  Works. 

Specimen  of  sand  mortar  used  at  the  Kanhan  Bridge  Works  above 
low  water  level. 

Proportions, — Two  parts  river  sand,  one  part  kunkur  lime,  age  of  mor- 
tar about  two  years.  Crushed  under  a  pressure  of  1,124  9bs.  per  square 
inch,  equal  to  72*3  tons  per  square  foot. 

Tenacity  of  mortar  by  experiment  eqnal  to  46  &s.  per  square  inch. 

The  only  quarries  near  E^amthi  are  those  from  which  the  Kanhan 
Bridge  has  been  built. 

T.  W.  A. 
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No.  XCVII. 


ON  BUILDING  IN  PISE. 


Extracted  from  Manual  on  Earthwork.    Ed.  by  Col.  B.  Maclagan^ 
B.E.^  with  additional  Notes  and  Heport. 


This  is  a  method  of  constructing  solid  walls  of  rammed  earth,  the  form 
and  dimensions  of  the  walls  being  regnlated  by  a  temporary  casing  of 
strong  planks,  within  which  the  earth  is  rammed.  A  hard,  solid  strac- 
tiire  is  thns  produced,  of  great  fimmess  and  durability  eyen  under  expo- 
sure to  extremes  of  temperature  and  varieties  of  weather. 

Thefollowing  is  a  description  of  the  ordinary  method  of  proceeding, 
taken  chiefly  from  that  in  practice  in  the  South  of  France,  where  this  kind 
of  construction  is  frequent. 


Fig.  1. 


The  wooden  casing  above-mention- 
ed is  represented  on  page  408,  AA 
are  the  boarded  sides,  made  of  stout 
smooth  planks  (the  adjoining  edges 
of  which  may,  for  greater  security,  be 
ploughed  and  tongued),  strengthened 
by  cross  planks  firmly  nailed  or  screw- 
ed to  the  former,  to  prevent  them 
from  warping.  Similar  boardings  are 
erected,  as  shown  in  the  figure,  on 
both  sides  of  the  intended  wall,  and 
they  are  retained  in  their  relative 
positions  at  the  required  distance 
apart  by  upright  stanchions  BB,  Fig- 
1,  inserted  at  foot  in  cross  pieces  CC.     The  insertion  is  in  long  mortises 


Fig.  8. 

w 


tf 


Fig.  9. 
W 


tf 
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MM,  Fig.  2,  which  besides  the  tenon  at  the  foot  of  the  uprl^l^is  re- 

£'    .7  ceire  we^iges  WW,  Fij.  3.  by  mem? 

M  M  of  which  the  distance  apart  of  ihe  two 

y       -«=^  '  — ^  ^>^       sides  is  regulated.      Wails  in  Piie 

are  generallj  made  to  diminish  in 
thickness  towards  the  top.  These  cross  pieces,  as  the  work  proceeds, 
become  so  firmly  imbedded  in  the  wall,  that  there  is  great  difBcnlty  in 
extracting  them,  to  remedy  which  iron  bars  hare  been  substituted.* 
Even  these  thin  iron  bars  become  so  tightly  jammed  when  surrounded  by 
the  compact  Pise  earth,  that  much  labor  and  risk  of  injury  to  the  work  is 
incurred  in  extricating  them,  and  the  expedient  of  setting  them  in  a  bed 
of  sand  has  been  successfully  resorted  to.  They  are  then  drawn  out  with 
care, — the  sand  also  is  remored,  and  the  holes  which  thej  leave  are 
subsequently  filled  with  the  same  earth  of  which  the  wall  is  made,  and 
rammed  hard. 

This  difficulty  in  the  use  of  wooden  bars  does  not  seem  to  hare  been 
experienced  to  the  same  extent  in  Pise  construction  in  the  Madras  Pre- 
sidency, described  in  the  1st  Volume  of  the  Professional  Papers  of  the 
Madras  Engineers.  It  is  stated  that  several  heavy  blows  of  a  mallet  on 
the  narrow  end  were  required,  after  which  their  tapering  form  made  it 
easy  to  withdraw  them.  The  soil,  it  is  true,  was  in  this  case  found 
afterwards,  on  the  destruction  of  part  of  the  wall  by  rain,  so  sandy,  as  to 
be  in  the  opinion  of  the  Engineer,  unfit  for  the  construction  of  such  a 
wall ;  but  when  subsequently  improved  by  an  admixture  of  potter*s  earth, 
the  work  progressed  satisfactorily,  and  no  allusion  is  made  to  any  in- 
creased difficulty  in  the  removal  of  the  bars.  Tapering  bars  are  not 
stated  to  be  used  in  the  French  Pise  works,  nor  were  they  in  the  first 
attempts  at  Bareilly. 

The  heads  of  the  opposite  uprights  are  held  together  by  ropes  as 
shown  in  the  figure,  but  in  practice  in  this  country  it  has  been  found 
that,  under  the  immense  pressure  exerted  upon  the  plank  sides  by  the 
earth  firmly  rammed  in  the  interior,  the  ropes  are  so  liable  to  stretch, 
and  to  break,  that  it  is  advisable  to  use  iron  rods  or  bars  in  this  posi- 
tion also.     When  ropes  are  used,  the  distance  between  the  side  planks 

*  Al  Bareilly— ivhfcru  luuch  lueful  iiraoticiil  ezfierieDoe  in  Fis^  work  has  lieoi  aoqaiivd. 
v6'fe  MdUitiutul  2ioCies.) 
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^ 

p 

is  roeasnrcil  by  gangc  rods  G,  (see  page  408,)  and  the  ropes  tightened 
when  requisite  to  preserve  the  proper  breadth  of  wall.     The     Fig,  5. 
use   of  iron  connecting  rods  renders  this  unnecessary,     llie         ^ 
Fig.  4.  head  of  the  first  poi-tion 

of  the  work  is  closed 
with  the  piece  of  plank- 
ing P,  Fig.  4.  K,  Fig. 
5,  is  a  form  of  iron  rod 
or  bolt  used  for  retain- 
ing this  end  plank. 
Soil  of  a  medium  qua- 
lity, that  is  neither  very  stiff  nor  very  sandy,  is  considered 
best  adapted  for  Pis^.  It  may  be  said  that,  that  which  would 
make  good  bricks  will  answer  well  for  this  description  of  work. 
The  natural  moisture  of  many  soils  is  sufficient,  requiring 
no  water  to  be  added,  to  make  it  cohere  in  a  compact  mass 
when  rammed.  When  the  earth  is  very  dry,  a  sprinkling  of 
water  will  be  necessary. 

It  is  usual  to  begin  the  work  upon  a  foundation  of  brick  or  masonry ; 
but  there  seems  to  be  no  reason  why  the  Pisd  might  not  be  used  from  the 
commencement,  even  for  foundations  under  ground ;  being  carefully  guard- 
ed from  all  chance  of  injury  by  running  water. 

The  casing  being  prepared  and  erected,  and  the  upper  surface  of  the 

R 


^ 


old  work,  when  above  the  first  stage,  being  sprinkled  with  water,  the 
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earthy  well  mixed  md  slightly  moistened,  is  thrown  in,  and  spmii  in  thin 
layers  of  foar  or  fire  inches.     These  should,  when  rammed,  be  ledaced 
to  one-half  their  original  thickness.     The  rammers  RBR  should  be  of 
hard  wood  and  rerj  smooth.     The  snccessiTe  layers  are  similarly  treated, 
and  thus  the  work  proceeds  nntil  the  top  of  the  casing  is  reached.     Tht 
ends  of  each  portion  should  be  finished  with  a  slope,  to  which  will  be 
joined  the  portion  next  to  be  added  longitudinally.     These  joinings  should 
not,  in  the  successire  courses,  be  abore  those  of  the  lower  stage,  but  is  in 
masonry  and  brickwork,  should  ^*  break  joint.**    The  seams  are  all  'dis- 
tinctly perceptible  when  the  work  is  complete.     If  it  be  desired  to  remeiy 
this,  either  the  wall  may  hare  a  coating  of  plaster,  or  the  surface  may  be 
limply  smoothed  and  dressed  with  a  shore!,  or  simOar  implement.    When 
it  is  to  be  plastered,  it  is  necessary  that  the  wall  should  first  be  thoroughly 
dry.      If  dry  only  externally  whilst  damp  within,  it  has  been  found  that 
the  moisture  is  apt  subsequently  to  attack  the  plaster  and  cause  it  to  fall 
off  in  flakes.     Without  plaster,  good  Pise  work  is  found  successfdlly  to 
withstand  exposure  to  the  weather,  and  after  the  lapse  of  many  years  to 
be  so  compact  and  hard,  as  to  be  picked  down  with  difficulty. 

Where  the  wall  is  not  that  of  a  roofed  building,  it  must  be  provided 
with  a  coping,  baring  a  good  projection  to  protect  it  from  rain. 

The  following  diagrams  show  the  details,  and  serend  implements  re- 
quired, which  require  no  explanation. 
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Additional  Notei  by  F.  Williaxs,  Esq.,  Collector  and  Magistrate  of 
BareUly.'* 

The  most  oonyenient  leDgih  of  planking  is  aboat  ten  feet — the  height 
of  the  box-work  two  feet  six  inches  to  three  feet  The  best  planks  for  the 
porpose  have  been  found  to  be  what  are  called  tnullahee  tukhtah,  or  boat 
planks,  which,  being  well  seasoned,  are  generally  less  liable  than  others  to 
warp  and  crack. 

The  rammer,  No.  12,  is  nsed  for  the  edge  or  side  of  each  layer  of  earth, 
where  it  meets  the  boarded  sides,  and  on  the  effectual  use  of  this  imple- 
ment will  depend  the^nt^A  of  the  surface  of  the  work,  and  its  capability 
of  standing  exposure  to  the  weather.  The  upper  edges  of  each  course  of 
the  work  will  on  completion,  hare  the  form  shown  in  No.  6,  due  to  the 
action  of  this  rammer. 

The  substitution  of  iron  connecting  bars  for  the  wooden  ones,  has  been 
mentioned  above.  The  evils  of  the  wooden  arrangement  were  foond  to 
be — the  starting  of  the  wedges — the  fracture  of  the  tenons — the  tight 
jamming  of  the  bars  in  the  wall,  and  the  injury  to  the  walls  and  to  the 
bars  themselves  from  the  force  requisite  to  be  applied  for  extracting  them. 
The  lower  iron  connecting  bars  are  made  three  and  a  half  inches  by  half 
an  inch ;  the  upper,  one  inch  by  one-third  or  one-quarter  of  an  inch  each, 
having  holes  half  an  inch  by  one- quarter,  with  corresponding  pins. 

The  mode  of  setting  the  bars  and  arranging  the  work  on  each  successive 
elevation  of  the  casing,  is  to  cut  on  the  surface  of  the  completed  part  of 
the  wall  a  groove  one  inch  wider  than  the  bar,  filling  it  in,  after  pladng 
the  bar,  with  sand,  to  the  level  of  the  wall's  surface.  The  side  boardmg 
being  sot  up,  the  vacant  space  left  along  the  bevelled  edge  of  the  previous 
course  is  filled  up  with  moist  clay  to  retain  the  first  layer  of  the  new 
course.  The  end  pieces  are  secured  by  iron  bars  or  rods,  with  screws  and 
nuts  as  shown  in  the  figuref. 

Four  men  are  employed  on  ten  feet  of  wall  inside  the  casing,  and  two 
outside,  to  prepare  and  supply  the  earth. 

*  In  connection  with  the  Jail  building  At  Bftreilly. 
t  A  oonTenient  arrangement  might  bo,— to  make  the  lower  and  upper  connecting  ban  aUkc,  to 
raise  the  aide  boarding  a  few  inchoe  oboro  the  nppcr  bara,  which  when  imbedded,  might  be  allowed 
to  remain  and  become  the  lower  ones  of  the  next  cooivo ;  the  external  apparatna  being  ahifted,  bj 
taking  oat  the  pins  and  slipping  off  the  stanchions  and  planks  to  bo  roHVplied  to  the  upper  b«ri 
already  in  podtion  to  roooivc  them. 
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Tliree  days  is  the  length  of  time  required  for  executing  the  same  extent 
of  wall  two  and  a  half  feet  high,  and  three  feet  tbiek  Two  days,  when  two 
feet  thick.  The  work  cannot  with  anj  adrantage  be  mach  accelerated. 
Qentle  and  quick  ramming  has  been  found  most  effectual. 

For  preserving  the  surface,  a  rough-cast  plaster  of  coarse  sand,  small 
knnker  and  lime,  thrown  on  with  the  hand,  was  found  the  best  kind  of 
external  application.  But  the  latest  mode  adopted,  is  to  place  on  the  edge 
of  each  layer  of  earth,  in  contact  with  the  plank  sides,  rows  of  pieces  of 
tile,  to  be  imbedded  three  or  four  inches  in  the  wall,  and  along  with  these, 
to  a  somewhat  less  depth  in  the  wall,  a  mixture  of  lime*,  soorkhee  and 
broken  bricks.  This  is  slightly  moistened,  and  being  rammed,  similarly 
to  the  rest  of  the  work,  becomes  when  finished,  a  sort  of  pncka  facing  to 
the  wall.  This  will,  more  readily  than  earthen  Pis^,  receive  plaster,  if 
farther  exterior  finish  is  desired.  For  one  face  of  one  piece  of  casing, 
ten  feet  by  two  and  a  half,  the  following  amount  of  these  materiab  are 
reqaired : — 

*    £arth-liine,       ••        ••        «•        ••        ••         ••         ••  1  maond. 

Soorkhee,         20  seen. 

Broken  bricks  and  tiles,         ••        ..        • 20    „ 

Here  is  tiie  cost  of  one  10  feet  casing  complete,  at  Bareilly  :-^ 

B.  A.  p. 
166   ft  plank,  at  Rs  2-8  per  100  sop.  ft,  inclading  cartage,        4    2    0 

8    nprights,  at  4  as.  each,       ••         ••         200 

64  seers,  iron  nails,  at  24  seers  per  rapee, 2  14    0 

1  maond  iron  for  connecting  rods, 6  12    0 

16   pins  (4  seer  weight),  at  24  seers  per  rupee,        •  •         •  •        0    8    0 
16   carpenters,  at  8  as.  each, ••        8    0    0 

Smiths,         18    0 

Total  Bnpees,     ••      20    7    0 
5   nunmers,  at 8  as.  each,      ••        ••        ••         ••        ••        0  16    0 

2  crowbars, 0    2    0 


Total  Bnpees^     ••       110 
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The  ooBt  of  the  work  at  Bareilly  (exclosiye  of  the  origiiud  cost  of  cues 
and  tools)  is  as  follows : — 


KatcrUli. 

XSXJ*       lOft.hiirh     '*'l^"- 
74  cab.  feel.     100  cab.  ft.           '•*" 

Eabth. 

& 

A. 

P- 

tt. 

A. 

p. 

m. 

A.  P. 

CartiDg.~2-bn1lock  hackerr,  10  or  11  maimds,) 
aboat  7  trips  a  day,  @  5  as., ) 

0 

^ 

0 

1 

8 

0 

0 

B    0 

FUCKA  FACING. 

^ 

Lime,  1    maand,  soorkhee,  20  seers,  broken) 
bricks,  20  ditto,          ) 

0 

2 

0 

0 

S 

0 

0 

2    8 

Total  materials, 

0 

8 

0 

fi 

0 

0 

0 

10  8 

Labor. 

At  Barcilly,  the  work  was  chiefly  done  by  pris- 
oners.   When  laborers  are  employed,  then — 

6  men,  8  days,  at  2  as.  per  diem  (for  one  case), 

2 

4 

0 

9 

0 

0 

3 

0    0 

Total, 

2 

2 

0 

11 

0 

0 

s 

10 

'.8 

It  is  probable  that  the  cost  of  the  whole  apparatus  may  be  considerably 
redaced. 


OH   BUILDING   IN   PI6B.  417 

Eepart  on  the  PisS  umh  executed  at  the  Etah  Jail  during  1867-68.  Bt 
Mr.  H.  Sprbnger,  Assist.  Engineer. 

The  boxes  in  which  the  I  is^  work  at  the  Etah  Jail  is  being  execnted,  con- 
sist of  two  wooden  frames  ten  feet  long  and  two  and  a  half  feet  broad ,  made 
of  planks,  which  are  nailed  on  to  stont  battens.  They  are  held  together  by 
fonr  pairs  of  posts  3^  x  3^  which  are  connected  above  and  below  with  tie- 
bars  of  flat  iron  1^^  X  ^^.  The  tie-bars  have  at  each  end  a  certain 
nnmber  of  half  inch  holes  pnnched  in  them  to  receive  pins  for  the  purpose 
of  preventing  the  posts  from  slipping  off.  By  changing  the  pins,  walls  of 
any  given  dimension  can  be  obtained,  wedges  of  hard  wood,  with  longitu- 
dinal slots,  are  introduced  between  the  posts  and  the  pins,  to  adjust  the 
breadth  of  the  boxes  to  a  standard  gauge.  After  the  boxes  are  fixed  and 
adjusted,  they  are  secured  in  their  position  by  ropes  passing  over  them, 
and  tied  to  stakes  on  each  side.  Any  deflection  from  the  vertical  should 
be  corrected  at  the  commencement  of  the  work,  as  it  is  impossible  to  alter 
the  position  of  a  box  after  it  is  half  full.  Any  earth  which  is  suitable  for 
brickmaking  will  do  for  Pis^  work,  on  being  dug  out  it  is  passed  through 
a  screen  with  half  inch  meshes,  and  thrown  into  the  boxes  in  even  layers 
of  six  inches  in  depth. 

Generally  fresh  earth  contains  sufficient  moisture  to  ensure  good  conso- 
lidation ;  but  if  it  is  found  that  it  jumps  up  under  the  rammers,  it  should, 
on  being  thrown  into  the  boxes,  be  sprinkled  with  a  little  water  out  of  a 
tin  can  with  a  rose.  The  watering  should  be  as  uniform  as  possible,  as  if 
it  is  applied  unequally  it  will  liquify  the  earth,  which  will  commence  ooz- 
ing out  under  the  rammers.  Pis^  work  executed  with  too  much  water  is 
worse  than  if  done  with  dry  earth,  as,  on  account  of  the  elasticity  of  the 
wet  earth,  the  effect  of  the  ramming  is  deadened,  and  the  earth  remains 
unconsolidated.  The  men  should  be  prohibited  to  keep  time  in  ramming, 
as  it  causes  vibration,  which  is  injurious  to  the  stability  of  the  wall.  On 
working  over  a  lower  course,  it  is  as  well  to  let  the  lower  tie-bars  about 
four  inches  into  the  same  to  give  the  boxes  a  firm  hold  on  the  old  work, 
thereby  the  joints  become  imperceptible,  and  the  upper  edge  of  the  lower 
course  is  prevented  from  chipping  off. 

The  implements  used  are  the  three  different  kinds  of  rammers  shown 
in  the  drawing,  the  earth  is  first  beaten  down  with  the  V-shaped  ram- 
mer, and  then  surfaced  with  the  one  with  the  flat  bottom.     The  sides  of 
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the  boxes  are  consolidated  with  the  spade-shaped  rammer.  When  com- 
mtnciug  tlie  Pise  work  at  Etah,  consiiierable  difficulty  was  exi»crieiicod  in 
extracting  the  lower  tie-bars.  These  were,  tlierelore,  supplied  wiili  liules 
three  inches  apart  throughi>ut  their  whole  length.  A  pin  wa.s  in^erted, 
against  which  a  crow-bar  with  a  long  slot  and  well  bent  at  the  end  was 
made  to  work.  An  equal  pressure  could  thereby  be  exerted  agaiujit  the 
tie-bars,  they  were  thus  extracted  with  great  facility  without  injuring  them 
or  the  face  of  the  wall,  which  was  not  the  case  formerly.  A  pattern  of  a 
box  made  of  sal  wood,  costing  Rs.  40,  was  received  fi-oni  the  Etawah  Jail ; 
acccording  to  this  22  new  ones  were  constructed.  As  it  was,  how»»ver, 
presumed  that  they  would  be  all  but  thrown  away  on  the  completion  of 
the  work,  wliieh  was  expected  to  take  place  in  less  than  a  year,  they  were 
made  of  mangoe  instead  of  sal  wood,  whereby  the  price  was  reduced  to 
Rs.  22.  Boxes,  however,  intended  for  constant  u«e  should  decidedly  be 
of  substantial  wood,  as  the  22  above-mentioned  will  barely  suffice  to  com- 
plete the  wall  of  the  Jail  at  Etah,  containing  1,00,000  cubic  feet  of  Pise 
masonry.  If  the  inside  of  the  frames  are  well  smoothed  and  evened,  and 
they  are  continually  kept  in  gauge,  the  Pii»e  walling  will  present  a  very 
substantial  and  uniform  appearance  when  finished. 

The  contrast  of  the  efTeet  of  rain  which  fell  in  April  and  May  on  the 
Pibe  walling  and  on  common  kucha  masonry  of  the  same  age  was  very 
marked, — the  former  had  hardly  been  affected  at  all,  whereas  the  latter 
was  very  much  cut  up  and  honey -combed,  and  had  to  be  leeped  with 
gober  to  preserve  it. 

The  cost  of  100  cubic  feet  of  Pise  on  a  wall  14  feet  high  and  2^  feet 
thick  was  as  follows,  the  average  lead  of  the  earth  having  been  800  feet : — 

BS.     A.     P. 

nigging,  1  beldar 0  20 

Tran8i>ort  of  earth,  4  bovH,             0  6    0 

Ramming,  including  putting  up  and  taking  down  of  boxes, 

6  beldars 0  12    0 

Screening  and  breatung  of  earth,  1  beldar,          • .         •  •  0  2    0 

Watering,  1  boy, 0  16 

Superintendence,  i  mietree,            0  10 

Coat  of  box — one  box  being  able  to  turn  out  6,000  cnbic 

feet  Pia^  work 0  7    0 

Baskets,  ropes,  &c.,            0  09 

Repairs  to  boxes  and  ironworks.              0  19 

Total,        ..  2      2    0 
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Note  hy  Mb.  E.  Battie,  Exec.  Engineer,  5th  Dim,  Grand  Trunk  Road. 

The  above  rate,  Rs  2-2-0  per  100  cubic  feet,  is  a  low  one,  and  owing  to 
earth  for  the  Pi>e  work  having  been  procured  close  to  one  side  of  the  Jail. 
The  earth  procurable  at  Etah  for  the  Jail  enclosure  wall  is  not  first  class. 
The  work  has,  however,  stood  the  test  of  some  very  heavy  falls  of  rain. 
While  the  ordinary  kiicha  brick  masonry  in  the  buildings  suffered  as 
nsual  in  having  the  kncha  plaster,  and  leeping  partially  washed  off,  the 
Pis^  work  scarcely  showed  any  signs  of  having  been  expo.<ted  to  rain.  By 
ramming  small  pieces  of  tile  on  the  outer  surface  of  the  Pis^  work,  it  may 
be  made  to  retain  pucka  plaster. 

From  the  accompanying  sketch  of  the  boxes  used,  it  will  be  seen  that 
they  could  be  used  for  constructing  B6ton  Pis6,  or  any  other  ordinary  con- 
concrete  work.  The  uhc  of  concretes  for  building  purposes  should  receive 
more  attention,  as  the  great  and  increasing  difficulty  in  procuring  bricks, 
together  with  the  high  rates,  raises  the  cost  of  brick  masonry  to  a  very 
high  figure ;  and  delay  caused  in  the  construction  of  small  detached  build- 
ings by  time  occupied  in  the  manufacture  of  bricks  is  sometimes  very  great. 


Supplementary  Note  hy  Mr.  E.  Battib,  Exec.  Engineer,  bth  Divn.,  Grand 
Trunk  Road, 

It  requires  only  one  day  to  fix  and  fill  one  Pis^  box  (with  half  the 
labor  given  above  for  100  cubic  feet,  each  case  containing  50  feet).  The 
work  at  Etah  has  generally  been  concluded  in  the  following  manner:  —  In 
the  morning  the  boxes  were  taken  down,  and  again  put  up  and  filled 
during  the  day ;  they  were  left  during  the  night,  so  that  the  earth  might 
detach  itself  from  the  sides.  It  is  not  advisable  to  allow  a  course  to 
dry  thoroughly,  as  the  upper  one  will  not  bind  well  into  it,  but  proba- 
bly show  a  crack.  If  the  earth  is  well  rammed,  and  only  the  proper 
quantity  of  moisture  admitted,  a  second  course  can  be  commenced  imme- 
diately. In  buildings  in  which  'Phi  work  is  likely  to  be  used,  this  would 
seldom  be  necessary.  Such  works  as  Jail  and  Hawalat  surrounding 
walls  are  generally  of  considerable  extent.  The  Etah  Jail  wall  is  2,700 
feet  in  length,  in  which  22  cases  have  been  used ;  more  could  have  been 
made,  and  the  work  carried  on  with  greater  rapidity,  had  sufficient  labor 
been  available. 
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